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ABSTRACT 


This report describes work done under a program to evaluate 
the use of pressure differentials In a flight control system. 

The first part of the program consists of a study to determine 
the pressure profile around the test surface. This study was 
performed using two techniques: 

1) Wlndtunnel Data (Actual) 

*2) NASA/Langley Single Element Airfoil Computer 
Program (Theoretical). 

The system designed to evaluate the concept of using pressure 
differentials Is conq>osed of a sensor drive and power amplifiers, 
actuator, position potentiometer, and a control surface. 

The second part of this program consists of determining the 
characteristics (both desired and actual) of the system and each 
Individual component. This report, however, terminates with the 
desired characteristics of the system as a whole* The actual 
frequency response of the system could not be obtained due to 
the use of an inappropriate sensor. 

This report describes the flight control system developed, 
the testing procedures and data reduction methods used, and 
theoretical frequency response analysis. 
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1, INTRODOCTIOti 


The purpose of this study Is to provide Infonetlon leading to 
determining the feasibility of using a differential pressure feedback 
signal In an airplane's flight control system. 

In nearly all airplanes equipped with automatic flight controls 
(AFC), the control surfaces are positioned via a feedback loop with 
a faedback gain proportional to control surface position. Since In 
many Instances control surface position Is linearly related to the 
differential pressure created by a control surface deflection, this 
type of feedback works well. 

However, in many systems. It is found necessary to schedule 
the feedback gain as a function of flight attitude, Mach number, 
dynamic pressure, or a cmblnatlon thereof. (At this point In time, 
Mach number Is not Included.) 

Since the purpose of any control motion Is to create a certain 
pressure differential. It Is logical to consider a system whereby 
control surface motion is signalled by a gain directly proportional 
to Che pressure differential. The differential itself would Chen 
have Co be sensed by a suitable pressure sensor. 

This method of control surface signalling may simplify control 
law requirements. It smy also allow for the direct control of 
airplane attitude relative to the total velocity vector of an 


1 



Alrplana. This la bacausa such attitudes ar« thaaaelvaa proportional 
to praaaura diffarantiala acroas lifting aurfacaa (Reference 1). 

1»3 METHODOLOGY 

Thia atudy was perfomad using the following three phases: 

1) Pressure profile study 

2) Sensor calibration 

3) Frequency response and transfer function 

determination. 

The pressure profile study is used to determine the range and 
characteristics of the test surface. The sensor calibration phase 
is needed to obtain the sensor's physical characteristics. (The 
actual work of this study terminated at .his phase.) A theoretical 
frequency response analysis has been conducted; but at the time of 
this report, the physical testing of this phase has not begun, due 
to the results of Phase II. 


2 



2. SYSTEM DESCRIPTION 


.2.1 OVERALL SYSTEM THEORY 

The flight control system which was designed to test the use 
of a differential pressure sensor Is Illustrated in Figure 2.1. 

The block diagram is a pitch attitude hold system with the differential 
pressure feedback for the 5_ loop. The flow diagram of the Inner 

loop is Illustrated in Eigure 2.2. 

2.2 COMPONENT BREAKDOWN 

The components used In the testing are listed in the flow 
diagram of Figure 2.2 and can be found in the appropriate drawings 
according to Table 2.1. 


Table 2.1 Guide to Delta F Drawings 


[ Drawing No . ( s) 

Ctanponent 

DP-0105 

Sensor 

DP-0204 

Sensor Circuit Schematic 

DP-0204 

Sensor Wiring Diagram and Layout 

DP-0301 

Signal Conditioner (Control Box) 

DP-0204 

Signal Conditioner Schematic 

DP-0204 

Signal Conditioner Wiring Diagram and 


Layout 

DP-0301 

Drive Amplifier 

DP-0301 DP-0203 

Power Amplifier 

DP-0203 

Power Amplifier Schematic 

DP-0101 

Actuator (Assembly View) 

DP-0101 

Position Potentiometer (Assembly View ) 

DP-0101 

Delta P Test Surface (Assembly View) 
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Trim 



Figure 2.1 System Block Dlagraa 





s«n»or 




Figure 2.2 System Flow Diagram 



Figure 2.3 Differential Pressure Sensor 









2.2.1 SENSOR 


The sensor used in this study was designed by Jin Black, 

NASA DFRC Engineer. The sensor uses three thermistors to o^asure 
the differential pressure between the two ports. Figure 2.3 Illustrates 
the sensor's components. The circuit diagram for the sensor Is found 
In Figure 2.4. 

The sensor, designed to be used In a wing-leveler autopilot 
system, operates by keeping the middle thermistor at a constant 
temperature. As the air flows past the front thermistor (a flow 
due to differential pressure). It Is cooled. After passing the 
middle thermistor, the air Is heated, thus causing the rear 
thermistor to be at a different temperature. This temperature 
difference results In a voltage difference within the sensor 
clrr.ult. This difference, again. Is the result of a pressure 
differential. 

2.2.2 SIGNAL CONDITIONER 

The signal conditioner In the flow diagram performs the 
following tasks: 

1) Reads the differential pressure signal from 
the sensor-circuit combination 

2) Monitors the position of the control surface. 

The signal conditioner uses the signal from the position potenti- 
ometer to prevent a hardover condition. 

The circuit diagram for the signal conditioner Is given In 
Figure 2.5. The signal conditioner (designed by Dr. D. G. Daugherty, 
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Nota: Sj^ danoctt • 

•«ritch utad to 
chanca fro« aanaor 
eoaund to posit Ion 
cosMnd 


Figure 2.5 Signal Conditioner Schematic 








KU Electrical Engineering Professor) was also designed to aid the 
frequency responaa testing of Phase III. To do this, test points 
and Input terminals were Included; their functions are listed In 
Table 2.2. 


Table 2.2 Signal Conditioner Test Points and Input Terminals 


Circuit Point No. 

Symbol 

Function 

1 

+P (OUT) 

Dlffs^^C^^l Pressure Output 
Signal 

2 

-■>c <“> 

Frequency Response Signal 
Input 

3 

P^-P - e 
c 

Error Signal 

4 

Comp . 

Compensating Circuit Signal 
(If Required) 

5 

P.C. 

Position Command Signal- 
Sensor can be bypassed and 
surface controlled using 
position potentiometer (LVDT) 


2.2.3 DRIVE AMPLIFIER 

The drive amplifier used In this study is from the NASA M99 
separate Surface Stability Augmentation (SSSA) Project. The 
schematic of the drive amplifier may be found in Figure 2.6. 

The drive amplifier uses standard op-amp methods for developing 
opposite phase drive signals required by the power amplifier. 
Discrete transistors connected as complementary emitter-followers 
provide the necessary drive current for the power amplifier inputs. 
Small (56 Q) resistors are Included in the collector circuits of 
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these emitter-followers as protection against mishaps during 
circuit testing. In normal circuit operation their function Is 
lnconse(,<uentlal (Reference 2). 

The drive amplifier receives the signal from the signal 
conditioner, while also monitoring the position of the surface 
through the terminal. The output then goes to the power 
amplifier. 

2.2.4 POWER AMPLIFIER 

The power amplifier used In this study is also from the SSSA 
project. The schematic of the power amplifier Is given In Figure 2.7. 

The power amplifier Is a Class-B push-pull bridge configuration. 

This conf l{;uratlon was used in order to attain actuator voltages 
approaching ±28 volts (56 volts, peak-to-peak) . Diodes are Included 
for protecting the power transistors against inductive spikes from 
the actuator (Reference 2). 

The power amplifier receives four (4) signals from the drive 
amplifier: 

1) A FDBK 

2) h IN 

3) B FDBK 

4) B IN 

The A and B FDBK signals are transmitted directly to the actuator. 

It is these signals which drive the actuator. The A and B IN 

signals originate at the drive amplifier. The A and B IN signals 

are connected to the drive amplifiers A and B OUT terminals, respectively. 
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Figure 2.7 Power Amplifier Schemer ic 
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NOTE: 28 VDC OPERATION, 25 *C 


Figure 2.8 Solactor Actuator Properties 
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CURRENT - AMPERES 






2.2.5 ACTUATOR 


The actuator used In this study Is the McDonnell Douglas 
"Solactort" Model 6023 A, also used in the SSSA project. The 
properties of the actuator are given in Figure 2.8. 

2.2.6 POSITION POTEMTIOffi^ 

The position potentiometer (L.V.D.T.) used in this study has 
the following characteristics: 

1) Type: III 

2) Resistance: 2K 0 ± lOZ 

3) Range: 3" linear: IZ 

2.2.7 SURFACE AND MOUNTING HARDWARE 

The test surface used in this study is the Beech. Model 60 
(DUKE), elevator-trim tab assembly. The surface was obtained through 
the Aerospace Engineering Department at the University of Kansas. 

The surface and mounting hardware are illustrated in Figures 2.9 
and 2.10. Also Included in these figures are the actuator and 
L.V.D.T. Table 2.3 gives a listing of the detailed drawings of 
the surface and mounting hardware which are available through the 
Flight Research Lab, at the University of Kansas Center for Research, 
Inc. 
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TabX» 2,3 D«lf P Surf>c« and iUrdwar* Drawlnai 


Drawing No. 

It«D 

DP-0101 

last Surfaca (Aaaanbly Vlav) 

DP-0102 

Potantiomatar Clavls 

DP-0102 

Acruator Clavla 

DP-0102 

Wlndtunnal Mount 

DP-0102 

Mounting Rib 

DP-0103 

Aft Actuator Mount 

DP-0103 

Fora Actuator Mount 

DP-0104 

Endplata Mount 

DP-OlOA 

Endplata 
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3. PHASE I: PRESSURE PROFIU STUDY 


3.1 PURPOSE 

3.1.1 BASELINE DATA ON PRESSURE DISTRIBUTION 

Because of the uniqueness of the sir foil used, s pressure 
profile study is necessary to obtain baseline data on the pressure 
distribution at specific angles of attack and flap deflections. 

The data obtained during this study are used against the theoretical 
analysis of Section 6.1. If the pressure distribution can be 
predicted, then a wind tunnel pressure profile study can be elinlnated. 

The major objective of the pressure profile study is to 
determine the location of the differential pressure sensor. 

The control system illustrated in Figure 2.2 is designed 
primarily for flap deflection sensitivity; however, provisions 
have been made in the signal conditioner control box for angle 
of attack sensitivity. The selection can be made through a switch 
mounted on the control box. 

The locations of the sensors are detemined using the results 

of the data reduction. These results are best summarized using 

the graphs found in the presentation of this report. These 

graphs show how the change in the pressure coefficient, • C 

^ ^LOVER 

• C , changes with angle of attack and flap deflections for 

^UPPER 

13 chordvise locations. 
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The criteria for aelectlon are aa followa: 


Sensor No. 1: a) 

Sensitivity to angle of attack 

b) 

Least sensitivity to flap deflection 

c) 

Consistent lin*srlty 

Sensor No. 2: a) 

Least sensitivity to angle of attack 

b) 

Sensitivity to flap deflection 

c) 

Consistent linearity 


With senaori at cheae two locaclona, both angle of attack and flap 
deflection can be eensed aeparately and accurately within the range 
of linear aerodynamics. 

3.1.3 SENSOR RANGE 

Results from the pressure profile study are also used to 
determine the range of pressure required to be sensed by the sensor. 
It is this characteristic which the sensor does not have. 

3.2 FACILITIIES AND HARDWARE 
3.2.1 WlNDTUttNEL 

All testing of the surface was performed at the University 
of Kansas Aerospace Engineering Department's 3' x subsonic 
vindtunnel. Facilities Include a 60 tube manometer, 26 of which 
were used for this study. The manometer may be seen in Figure 3.1, 
Figure 3.2 views the test surface before a run. 


lb 






3.2.2 TEST SURFACE 


Provisions were made on the test surface of Figure 3.2 to 
measure the pressure profile at 13 different locations, on each side 
of the surface. All static ports were connected to the manometer 
board using 1/16" I.D. pressure tubing. All connections were made 
airtight using a polyurethane spray lacquer. 


3.3 TEST SET-UP 

The test set'-up consisted of installing the surface in the 
windtunnel, and connecting the pressure lines to the appropriate 
connectors on the manometer board. Each pressure line was tested 
for blockages and leaks. When all lines were determined to be clear 
and airtight, the testing began. The manometer board was tilted 
at a 30“ angle to match the inclination of the tunnel pitot-static 
manometer; this simplifies the data reduction. 

A static pressure port was installed in the tunnel test section. 
The port was used for a reference static pressure on the manometer 
board. Corrections due to position are outlined in Subsection 3.5.1. 

3.4 PROCEDURES 

The procedures for the pressure profile testing followed the 
items of Table 3.1. A total of nine runs were performed. Each 
run consisted of the following steps: 

1) Setting flap at desired deflection 

2) Setting tunnel at desired dynamic pressure 
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3) Obtaining equilibrium condition in manometer 
board tubes 

4) Setting surface at minimum angle of attack (-8°) 

5) Reading manometer board pressure tubes 

6) Repeating Steps (3) and (5) for angles of attack 
-8* to +8" by increments of 2. 


Table 3.1 Pressure Profile Run Log 



*®SWEEP* “6, -4, -2,0, +2, +4, +6, +8 (degrees) 

Note: All testing was performed for a tunnel dynamic 

pressure of 25.6 psf. 

3.5 DATA PROCESSING 

3.5.1 DATA CORRECTIONS 

The raw data obtained from the Phase I testing includes: 
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1) Static pressure at the 26 locations along the 

test surface (P ) 

8 

2) Static pressure In the test section (P^) 

3) Dynamic pressure at the test section (q) 

These values^ In centimeters of alcohol, are read from the manometer 
board, inclined to 30“ ♦ Before the data can be reduced, two corrections 
must be made* First, the dynamic pressure must also be corrected for 
tunnel blockage. The procedure of Pope (Reference 3) Is followed. 
Second, the test section static pressure port (see Figure 3.3), being 
located forward of the test surface leading edge, reads slightly 
high due to the Increase In dynamic pressure over the surface from 
tunnel blockage. The incompressible Bernoulli equation is used to 
calculate the true reference static pressure from the change in 
dynamic pressure due to blockage. 

The corrections are detailed in Part II of this report, which 
contains all the data obtained from the pressure profile study. 

Included in Part II are sample calculations, computer program 
listings, and presentations (tabular and graphical) of the data. 

3.5.2 DATA REDUCTION 

Since the inclination of the manometer board (used to measure 
the test surface's static pressure) is identical to the dynamic 
pressure manometer tube, the coefficient of pressure is calculated 
directly from; 


where the pressures have been corrected as per Subsection '.5.1. 

Since differential pressure is the quantity to be investigated, 

the difference between the lower and upper coefficients Is calculated. 

However, the lower and upper pressure tap locations are not the 

same. Therefore, the Irwer surface pressure coefficients are 

linearly Interpolated -:o the upper surface tap locations. 

It la desired to find the chordwlse locations that satisfy 

the criteria specif 1-id In Subsection 3.1.2. Toward this end, 

the change in pressure coefficient, C - C , is plotted 

^LOWER **UPPER 

against flap deflection and angle of attack for each of the 13 
chordwlse tap locations. (These graphs are located in Appendix A 
and in Part II.) This facilitates inspection and interpretation 
of the data. A numerical regression of the data is performed to 
quantify the slopes of these graphs. This augments the Interpretation 
of the figures and is used in the theoretical analysis of Section 6.2. 

3.6 RESULTS AND DISCUSSION 

Based on the figures of Appendix A, tap number (13) (x/c ■ .766) 
has the best combination of linear sensitivity to flap deflection, 
and inseiisitlvlty to angle of attack. One pressure sensor, located 
here, can sense flap position with little error to angle of attack. 

The location of tap number (1) is best for angle of attack sensitivity, 
but is not used for the purpose of this study. 

The required range of the sensor is best put in terms of 
pressure coefficient: 

-1.2<ACp<1.2 (3.2) 
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This Is the nondlmenslonal dlffe'-entlal pressure occurring at 
the largest angle of attack and flap deflection tested. At a 
dynamic pressure of q ■ 25 psf, the required range Is: 

-30^ AP^+30psf (3.3) 

If this study Is to be repeated. It la recommended that a 
more comnon airfoil, with a known, experimental pressure distribution 
be used. For example, a NACA 0012 would be a good choice because 
of Its wide use In horizontal tails. 
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4. PHASE II; SENSOR CALIBRATION 


4.1 PURPOSE 

The sensor calibration process Is perfomed to determine the 
relationship between the differential pressure acting on the sensor, 
and its output. From this process the drive amplifier's gain value 
is determined. 

4.2 FACILITIES AND HARDWARE 
4.2.1 FACILITIES 

The calibration tests were performed using the windtunnel 
facilities previously mentioned in Section 3.2. Also included 
in the facilities is the Hewlett Packard (HP) 2012 Data Acquisition 
System (DAS), HP9825 micro-minicomputer, and the HP9872 X-Y plotter, 
all shown in Figures 4.1 and 4.2. A schematic of the entire data 
acquisition system Is Illustrated in Figure 4.3. 


4.2.2 HARDWARE 

The hardware and components used for the calibration tests 
included: 

1) Differential pressure sensor 

2) Sensor calibration mount 

3) Signal conditioner 

The calibration mount Is shown In Figure 4.4. The mcnsut provides 
a pitot-static pressure differential across the senior which is 
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Figure 4.3 Data Acquisition System Schematic 














Figure 4.4 Pressure Sensor Calibration Mount 


Output to D.A.S. 


Dlfforontlol Proooura Sonoor 



Figure 4.5 Calibration Schematic 



calibrated against the tunnel manometer. The apparatus utilizes 
a *'u” shaped wlndtuunel mount to secure it in the tunnel. 


4.3 TEST SET-PP 

The schematic of Figure 4.5 Illustrates the uses of the 
components for the calibration process. The set>up consists of 
securing the sensor on the calibration mount and checking the side- 
slip angle (B) of the plate so the flow becomes just attached. 

Channels 12 and 13 of the DAS are then zeroed* This is done 
using the 5K Q potentiometer of Figure 2.4. In effect* this is 
causing the output of the fore and aft thermistors to equal* 
negatively. Once initialized, the calibration process can begin. 

4.4 PROCEDURES 

The calibration procedures follow the computer listing of 
Appendix B on Page 81. Once initialized* the computer asks for 
the tunnel dynamic pressure* which is the differential pressure 
of the sensor. As the desired tunnel dynamic pressure Is attained* 
the DAS takes 10 sampled values and obtains the average. This 
average is then used in the output and for plotting purposes. 

Table 4.1 gives the output of a typical calibration run. The 
output is then plotted in Figure 4.6. As indicated in the output, 
the tunnel dynamic pressure range is from 0 to 35 cm of alcohol, 
or 0 to 27.2 psf. 
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tunnel MANOMETEr^ AL-CHoHot 
















Tybif, 4,t.„ CititeatiflB Run Oiu 


ManooMter Dynamic Preaaure 
(cm. of alcohol) 

Tranaducar Output 
(mVolta) 

0 

- 0.080 

2.5 

- 0.982 

5.0 

- 1.185 

7.5 

- 1.183 

10.0 

- 1.290 

12.5 

- 1.464 

15.0 

• 1.538 

17.5 

- 1.525 

20.0 

- 1.410 

22.5 

- 1.225 

25.0 

- 1.140 

27.5 

- 1.083 

30.0 

- 1.049 

32.5 

« 0.982 

35.0 

- 0.889 


4.5 RESULTS AND DISCUSSION 

The reaulcs of the cellbretlon ceite Indlcete thet for thia 
type of application, the aenaor la not adequate due to ahortcomlnga 
In two areaa; 

1) Senaor range 

2) Dynamic reaponae. 

It waa found that the aenaor produced a linear output only 
up to approximately 2 paf. In addition, the aenaor becaate completely 
aaturated at valuea up to 13 paf. Aa outlined in Section 3.6, the 
required linear range of the aenaor ia t30 paf. 

A preaaure aenaor can uaually be mathematically modelled by 
a pure lag. Although apecific dynamic reaponae teata were not 
performed, it waa obaerved that approximately 10 aeconda was 


29 






required for the eeneor output to return to zero after a preasure 
differential vaa removed. Thia type of reaponae ia unacceptable 
in a feedback control ayatem. 


4,6 HODIFICATIONS AND SUBSEQUENT RESULTS 

Varloua methoda were tried to obtain different senaor character- 
iatica. The following methoda ware auggeated by Jim Black, dealgner 
of the aenaor: 

1) Change senaor port diameter 

2) Change amplifier gain. 

4.6.1 SENSOR PORT DIAMETER 

The senaor port diameter was changed from Che original diameter 
of .025'* to a diameter of .0135". This was done by plugging both 
ports on Che calibration mount with epoxy. The epoxy was Cher 
drilled out to a .0135" diameter (#80 drill). 

The calibration process was then repeated. It was found chat 
while the sensor range was slightly Increased, the dynamic response 
characterlctlcs were degraded. 

4.6.2 AMPLIFIER GAIN 

The amplifier (sensor) was altered by changing Che resistance 
of the input resistor to the amplifier of Figure 2.4. The amplifier 
gain was changed to values of .01, .10, and .50. Again, Che 
saturation point remained unchanged. 
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4.6.3 AMPLIFIER VOLTAGE 


The sensor circuit of Flgu..e 2.4 define? the Input voltage 
to the amplifier as -flZ volts d.c. The amplifier voltage used 
in the testing was set at 15 volts d.c. lo -'f any difference 
would result, the voltage was increased to 18 volts d.c. (the limit 
voltage for the 324N OP AMP). This tended to increase the 
saturation p Jnt, but still not to the required value. The linear 
range appear to !ie unchanged. 


4.6.4 MIDDLE THERMISTOR 

A sensor thermistor profile was conducted to determine how 
the voltage, current, and resistance of each thermistor in the 
sensor was changing as the pressure differential Increased. 

It was concluded that the middle thermistor was not able to 
Increase its power output after a relatively low pressure was 
applied to the sensor. Four (4) different thermistors replaced 
the middle thermistor to check this theory. Using values of 5K, 
lOFl, 50K, and lOOK 0, the power output of the middle thermistor 
was increased. The results were encouraging but still saturated 
out before maximum estimated pressure differential occurred. 

4.7 CONCLUSIONS AND RECOMMENDATIONS 

The sensor is not suitable for the purpose of this study. 
There are two types of pressure sensors available today that meet 
the needs of the project. 
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Conventional diaphragm pressure sensors have the range, 
accuracy, and dynamic response required but are relatively expensive. 

A Plezoreslstlve sensor offers the same qualities for a 
reasonable cost. A brief literature search Is recommended before 
final selection Is made. 
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5. PHASE III: FREQUENCY RESPONSE 


Phase III of this study Is designed to determine the transfer 
function for the system, actuator, and sensor. The circuit can be 
either assumed to be a pure gain, or determined analytically. Once 
these transfer functions are known, a closed loop analysis of a 
typical feedback control system can be performed, and the stability 
determined. A theoretical analysis of a typical control system Is 
Included In Section 6.2. 

Phase III Is composed of Parts A, B, and C. The objective 
of Part A Is to obtain standard lift, drag, and pitching moment 
coefficients and their variations with a and 5^. The run schedule 
for Part A is given in Table 5.1. 


Table 5.1 Part A Run Schedule 


Run No. 

a 

(degrees) 

q (psf) 

1 

® 

- 20 

25 

2 



- 15 



3 



- 10 



4 



- 5 



5 



0 



6 



+ 5 



7 



+ 10 



8 


r 

+ 15 

1 


9 



+ 20 




Note: ^ a ■ -8, -6, -A, -2,0, +2, +4, +6, +8 (degrees) 


Part B of Phase III Is designed to obtain preliminary data 
on system performance at various angles of attack and Initial flap 
positions. (Several of the runs may be deleted if the Initial 
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Indications are promising.) This Is accomplished by applying a 
step Input to the pressure sensor via the signal conditioner 
control box. The run schedule for Part B Is given In Table 5.2 


Table 5.2 Part B Run Schedule 


Run No. 

a (deg) 

AP * 

COMMAND 

5 (deg) 

INITIAL 

q (psf) 

1 

- 8 

© 

- 10 

25 

2 

- 8 



0 



3 

- 4 



- 10 



4 

- 4 



0 



5 

0 



- 10 



6 

0 



0 



7 

+ 4 



- 10 



8 

•1- 4 



0 



9 

+ 8 



- 10 

1 


10 

+ 8 

i 

f 

0 




Note: ^ ACp • 0.1, 0.3^0. 5, 1.0 or 

AP " 2.5,7.5,12.5,25 psf at q * 25psf 


The data obtained will be presented as Illustrated in Figure 5.1. 



Figure 5.1 Response to a Step Input 
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Part C will be used to determine the necessary frequency response 
characteristics of the system. A total of 18 wlndtunnel runs will be 
used to obtain the data, each containing the following: 

INPUTS OUTPUTS 

(t) « (5 {coswt 6_ (t) - 1«_ |cos(ut 

IN IN OUT OUT 

APj„(t) - jdpjjjlcoswt 6p (t) ■ |6p ]cos(wt 

OUT OUT 

The reader should note the following: 

1) dp Inputs directly Into the actuator. 

2) AP Inputs into the control circuit. 

3) Frequency range: ,01 < u < 1000 rad/sec. 

Tables 5.3 (a) and (b) give the run schedules for this part 

of the frequency response testing. The sinusoidal inputs to the 
actuator and sensor will be accomplished by connecting a function 
generator to the appropriate Inputs on the signal conditioner. 

A two-channel strip chart recorder will be used to monitor the 
outputs of the sensor and L.V.D.T. 

The data obtained during this phase of the study would be 
presented In the form of a standard bode plot. It will be from 
these plots chac a transfer function will be derived. These 
transfer functions will then be tested against those used in the 
theoretical analysis of Section 6.2. 


+ 

+ ^ 2 > 
+ ^3) 

+ *4) 
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Table 5«3(a) Frequency Response Teat Runs - Poaitlon 



Table 5.3(b) Frequency Response Teat Runs - Pressure 



Note; 


2.5,7.5,12.5,25 psf at q 


I 6 • 5,10,15,20 degrees 

' IN 


25 psf 
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6. THEORETICAL ANALYSIS 


6.1 THEORETICAL PRESSURE DISTRIBUITON 

The wlndtunnel test described in Chapter 3 required significant 
amounts of time, manpower, and hardware development. It Is desirable 
to find a way to bypass the need for this test. If a commonly used 
airfoil with the necessary testing already performed (e.g., NACA 4 
and 5 digit airfoils) Is chosen, then the published results can be 
used instead of repeating the test. However, the test surface 
employed for this study Incorporated a unique airfoil (see Figure 
6.1) with an unknown pressure distribution. Therefore, to avoid 
vlndtunnel testing, numerical methods must be used. The method 
used for this study was the NASA/Langley Single Element Airfoil 
Program (SEAP), which was stored on the University of Kansas 
Honeywell 66/60. 

The program requires, as Input, the airfoil coordinates listed 
in Table 6.1. Mach number and Reynolds number inputs are the same 
as in the Phase I testing. Included In the output Is a listing of 
the pressure coefficients at chordwise stations along the airfoil 
(see Appendix B for sample output). 

A total of 16 cases were input to the program — four angles of 
attack (a ■ 0, 3, 6, 9*) and four flap deflections (5p ■ 0, 5, 10, 15“). 
It is assumed that symmetry holds with respect to angle of attack 
and flap deflections. Flap deflections are input to the program by 
altering the airfoil coordinates aft of the hlngellne (see Figure 6.2 
and Table 6.2). Due to difficulties with software, results were not 
obtained for the case of a ■ 9®, 5^ ■ 0®. 
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Figure 6.1 Delta P Airfoil Section 
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Table 6.1 Delta P Airfoil Coordinates - Zero Flap Deflection 


XD (-XL) 

ZO (• >SL) 

XO (-XL) 

ZU (- -ZL) 

0 

0 

.323 

.080 

.0062S 

.032 

.330 

.077 

.012S 

.063 

.375 

.076 

.0187S 

.032 

.600 

.071 

.02SO 

.037 

.623 

.06825 

.03123 

.066 

.630 

.0635 

,0373 

.069 

.673 

.06273 

.06373 

.073 

.300 

.060 

.0300 

.077 

.523 

.05723 

.03623 

.081 

.550 

.0363 

.0623 

.003 

.375 

.05175 

.06873 

.083 

.600 

.069 

.0730 

.087 

.625 

.06625 

.08123 

.090 

.630 

.0633 

.0873 

.092 

.673 

.06073 

.09373 

.093 

.700 

.038 

.100 

.096 

.723 

.033 

.1123 

.0963 

.750 

.032 

.125 

.098 

.775 

.029 

.1375 

.100 

.800 

.026 

.150 

.099 

.823 

.02323 

.1625 

.0983 

.858 

.0203 

.175 

.097 

.875 

.01775 

.1875 

.096 

.900 

.013 

.200 

.095 

.923 

.01223 

.225 

.092 

.950 

.0095 

.230 

.089 

.975 

.00673 

.275 

.086 

1.000 

.006 

.300 

.083 




Table 6,2 Delta P Airfoil Coordinates - Flai 
Deflection * 5. 10. 15 (deerees 



Substitute Into Table 6.1 for .7(^XIN1.00 


1 

WB 


«r ■ 

10" 

«F- 

. 15“* 

1 

■Hi 

ZL 

ZU 

ZL 

ZU 

ZL 


■EEI 

-.060 

.038 

-.061 

.037 

-.063 


2II 

-.039 


-.0625 

- 

- 




1 1 

-.066 

.017 

-.050 



-.037 

■ Ml 

-.0655 

- 

- 



-.036 

.009 

-.067 

-.003 

-.057 


.012 

-.0355 

.0005 

-.0685 


* 


.007 

-.035 

-.007 

-.050 

-.023 

-.066 


.002 

-.036 

-.0165 

-.051 

- 

- 


-.003 

-.033 

-.022 

-.052 

-.063 

-.071 


-.008 

-.032 

-.0295 

-.0535 

- 

- 


-.013 

-.031 

-.037 

-.055 

-.063 

-.078 


-.018 

-.030 

-.0665 

-.0365 

• 

- 


-.023 

-.029 

-.052 

1 

-.058 

-.083 

-.083 


For the > IS* case. It was necessary to input a 

slightly fewer mieber of coordliMtes. Since the aft 
portion of the surface is essentially flat, this is 
considered to («ake little. If any, difference. 


40 





















Th«i Cp values generated are at distributed points (chosen by 
the conputer) along the airfoil. Consequently* for conparlson with 
the vindtunnel data* the pressure coefficients are interpolated to 
the 13 chordwiae locations of the test surface. Then the saise 
data reduction process outlined in Subsection 3.5.2 is performed 
on the data. The results are tabulated and plotted in Appendix C, 

From Figures C.l through C.26 it is seen that the general 
sensitivity trends follow those of the vindtunnel data. However* 
contrary to the experimental data* the pressure differential* at 
all locations* is sensitive to flap deflection. In addition* the 
results are somewhat nonlinear — especially at the five degree flap 
deflection case. The maximum predicted by the SEAP at x/c ■ .766 
agrees reasonably well with the experimental data* but this is not 
the case at the forward tap locations. 

There are a few explanations for the discrepancies between the 
experimental and theoretical data. First* the large thickness ratio 
(t/c) and extreme forward location of the maximum t/c might not 
lend itself to accurate analysis by the SEAP. Second* since the 
program is not specifically designed to handle flap deflections* 
the method of doing so could lead to errors. Finally* the program 
utilizes a tuo-dlmensioftal analysis technique*whlle the vindtunnel 
test is three dimensional. 

While the results of the theoretical analysis do not correlate 
exactly with the experimental data* they are promising enough to 
prompt further study. Analysis of other airfoils, perhaps with 
another computer program more suited to the specific needs of 
the project* Is recommended before discounting the theoretical approach. 
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6.2 CLOSED LOOP DYNAMIC STABILITY ANALYSIS 


A study has been perfonned to see what the closed loop performance 

of a system is (or should be) that Incorporates differential pressure 

comsund as opposed to elevator position coonand. In analyzing the 

system, the block diagram of Figure 6.3 is used. The system 

illustrated is a pitch attitude hold loop which uses pressure as 

the feedback quantity in the 6. inner loop. As a control 

COMMAND 

a conventional pitch attitude hold system ^ich incorporates 
elevator position command (of Figure 6.4) was also analyzed. 

For simplification, the amplifier of the inner loop has been 
assumed to be a pure gain, equal to unity: 

Kamp - 1 (6.1) 


The elevator servo is assumed to be a first order lag: 


6-(s) 

'•OUT 


10 

e + 10 


( 6 . 2 ) 


The break frequency of 10 rad/sec is representative of a reasonably 
fast, general aviation actuator. 

The sensor calibration constant, or position cotmoand gain, is 
a function of dynamic pressure and is obtained from the numerical 
regression of Chapter 10. Part II, of this report: 


3AC 



( 6 . 3 ) 


or: 



*^SENS0R 
& CIRCUIT 


.047q 


( 6 . 4 ) 
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Attltud* 

Gyro NoC*ii ■ Kg • 1 


Kg - .047 4 


Figure 6.3 System Block Diagram (Preisure Command) 



ACtltuda 

Gyro Sot Alt Kg ■ I 


(AaplUtor net shetm) 


Figure 6.4 Sy«te» Block Diegraa (Position Coaaend) 
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Tht atrodynAmlc lag and Che aenaor lag are conbined into 
one flrac order tranafer function: 

(•) 

■ —IN ■ . _S 5_ ( 

dpQy^(a) a + a a + 5 

The break frequency of 5 rad/aec haa been aaaumed aa "reaaoneble." 
The experimencal deteralnacion of Chla lag la one of Che major 
purposea of Che Phaae III wlndtunnel teat. 


6(0) 

The airplane transfer function ie derived uaing data 

obtained from Appendix B of Reference 4 for a typical general aviation 
airplane. To investigate the effect of dynamic pressure on system 
perfomu nne, high and low values were used: 

Case 1; q • 8.47 psf (K^ ■ .40) 

Case 2: q - 76.28 psf (K ■ 3.59) 

Using Reference 5 in conjunction with the University of Kansas 

Aerospace Engineerlnj; Departmen's liP9825A micro-minicomputer. 

6 (s) 

the airplane . , ^ transfer function was derived for each case; and 
the root loci of Figures 6.5 through 6.8 were generated. The computer 
output used to construct the root loci is located in Appendix D. 

Notice that with the inner loop pressure command, the sensor and 
actuator combine to form an oscillatory pair. In fact. Figure 6.6 
shov;s that it is these poles which go unstable at high dynamic pressure. 
It can be seen from the figures that a loop gain equal to 


K9 - 1.0 


( 6 . 6 ) 


The aerodynamic lag represents the lag between a change in 6^ and 
the resulting pressure change at the sensor. 
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yields reasonable damping ratios emd natural frequencies for the 
pressure sensor pitch attitude hold system. It is also observed 
that in the system with the pressure sensor, the gain margin 
remains relatively constant with dynamic pressure as compared to 
the conventional system. It appears that gain scheduling with 
dynamic pressure can be avoided without a compensator or inner 
loop pitch damping. 

Again it should be noted that the sensor properties have 
not been determined. The frequency response data obtained during 
Phase III will yield the necessary Information for a more detailed 
study. This analysis is merelv a preliminary Investigation of the 
closed loop characteristics of the pressure feedback system. 
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7. CONCLUSIONS AND RECOMMENDATIONS 


The sensor used In this study does not have the qualities 
required to determine the feasibility of differential pressure 
feedback In a flight control system. Of available sensors, the 
plezoreslstlve has the characteristics most suited for this type 
of application. 

Once this concept has been proven feasible, a follow>-up 
program Is recommended which will Include the use of a more 
conventional airfoil. Within this program, both theoretical and 
experimental pressure distributions should be Investigated. 


F PAGE BLAMK NOT FILMED 


8, REFERENCES 


1. Proposal for a Program to Evaluate a Control System Based 
on Feedback of Aerodynamic Pressure Differentials; 

Submitted to NASA Dryden Flight Research Center, July 1980; 
University of Kansas Center for Research, Inc., Flight 
Research Lab. 

2. ' Daugherty, D. G. ; A Critical Review of an Automatic Attitude 

Command Control System Electronics Design; Flight Research 
Laboratory Report FRL 325, The University cf Kansas, 
Lawrence, Kansas, November 1974. 

3. Pope, A.: Lowspeed Wind Tunnel Testing; John Wiley nnd Sons, 
1966. 

4. Roskam, J.; Airplane Flight Dynamics and Automatic Flight 
Controls, Part II; Published by the Author, Ottawa, Kansas, 
1979. 

5. Clarke, Robert; A Computer Program for Determining Open and 
Closed Loop Dynamics of Airplanes; The University of Kansas, 
Lawrence, Kansas, May 1980. 


PRECEDING PAGE BLANK NOT FUJCD 


53 


APPENDIX A 


PRESSURE PROFILE SENSITIVITY PLOTS 


. uiCEDlNG PAGE BLANK NOT FILMED 
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A.l FLAP DEFLECTION 




PAC£ 


Wot 


^‘UJCO 
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APPENDIX B. PRESSURE TRANSDUCER CALIBRATION PROGRAM 


24e> 
2411 
242i 
243t 
2441 
245 s 
246: 
24?: 
248: 
249: 
250: 
25l: 
252 ! 
253: 
254! 
27S * 
256: 
257: 
258! 
25?! 
260 : 
261 : 
262: 
263: 
264! 
265! 
266: 
267: 
268: 
26?: 
270! 
271! 
272! 
273! 
274! 
275! 
276! 
277! 
278! 
279! 
280! 
281 1 
282! 
283: 


wrt 4 

wri 4t" DELTfi P PRESSURE TRANSDUCER CALIBRATION" 

wrt 4 

wrt 4." THE PRESSURE TRANSDUCER WILL BE CALIBRATED AGAINST THE TUNNEL" 
wrt 4." MANOMETER BOARD LOCATED OH THE NORTH SIDE OF THE TUNNEL BELL" 
wrt 4." THE TRANSDUCER MUST BE HOOKED TO CHANNEL 12 OF THE DAS" 
wrt 4 
wrt 4 

wrt 4."RR0CEEDURE!" 
wrt 4 

wrt 4*" TO CALIBRATE. THE TUNNEL WILL BE RUN AT VARIOUS ASSIGNED SPEEDS.' 
wrt 4." THE hp 9825 WILL RECORD THE PRESSURE TRANSDUCER OUTPUT At)D " 
wrt 4." THE OPERATOR WILL ADJUST THE TUNNEL SPEED TO THE MANOMETER VALUE" 
wrt 4." REQUESTED BY THE CALCULATOR DISPLAY" 
wrt 45wrt 4 

*nt "DATE transducer NUMBER '.DT 
wtb 5> 12'»6 

wrt 6iwrt 6»urt 6*wrt 6» " PRESSURE TRANSDUCER CALIBRATION ".Dl 

wrt 6» " " . 

wrt 6." MANOMETER Q TRANSDUCER OUTPUT" 

csi: 2.2. 1.0 

fnt "DO YOU WISH A GRAPH Y or N".A# 
if cap t Al ) »" Y" 5 c i 1 : 2.2. 1.0 

if cap(, Af '»"Y" ; f 0!icl 0. 35.0'2! •■a - 0.. 5. 0.2. 2? a. 0.5.0«S5.1 

if capCAf''='V"!pli 3>-.5.-l!cii: 2 '2' 1.0 

if C0P<Af'= Y"! Ibl " TUNNEL DYNAMIC PPESSURE - Q .C.'. Al,'" 

If cap'A* ''«''Y"»Plf -5. . 6.-1 :c.«ir 2.2'1.?0 

if cap' At Ibl " transducer output - Ql <,.|V>" 

if cap'.Af '» 'Y" : ci iz 2. 5* 2. 1 • 0. p 1* 5.-. S.-1 

if cap^At^a",'"!lbl “ PRESSURE TRANSDUCER CALIBRATION “.Df 

if cap.. At ' = i p 1 r. 2.5.2.4>-l»ciiz 2.2.1.0 

Ibl "Q « aUNNEL MANOMETER * SINJO:*" 

for Q*0 to 35 bv 5 

fxd 0.0-S 

dip "TUNNEL 0 tcr.A I ) " . Q . "CONT W RDY"!itP 

for 1*1 to 50 

rtd 3.A.6 

if B>i;-A-A 

A+St-S 

n«xt I 

fnt 4.2v,f4.O.20>;.f 10.3 
wrt 6.4.Q.20S 

if cap.;At)*"Y" j Pit Q» -20S»p«rticPli -. 165. -. 05. Ibl 

npxt Q 
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APPENDIX C 


THEORETICAL PRESSURE PROFILE DATA 


,'uICEOiriG PAGE LLA:4K wot F!LV.iX> 
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C.l SAMPLE LISTING OF SEAT OUTPUT 
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C.2 PRESSURE DISTRIBUTION DATA 


KANSAS UNIVERSITY FLIGHT RESEARCH LAE 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK * 0 FLAP DEFLECTION ANGLE = O 

FILE NUMBER 34 




RESULTS OF SEAP DATA 


TAP 

NUMBER 


x/c 

local icn 


UP 

UPP^ 


Cp 

1 0 i.'.i €' r 




1 


0.060 

-1 . 198 

-1.1 98 



0.076 

"1 .135 

-1. 135 

w* 


0.084 

-1.396 

- 1 . o96 

4 


0.094 

-1.354 

-1 . 354 

e 


0. 10S 

-1.216 

-1.216 

b 


0. 121 

-1.277 

"■ J • J. 1 1 

I' 


0. 133 

-1.450 

-1.450 

S 


0. 143 

-1 . 365 

-1.365 

9 


.0. 155 

-1.081 

-1 . 081 

10 

♦ 

0. 169 

-0 . 88 1 

-0.881 

11 


0. 134 

-0. 743 

-0.743 

12 


0.205 

-0.643 

-0. 648 

13 

♦ 

0.223 

-0.572 

-0.572 

14 


0.250 

-0. 334 

-0. 334 

15 


0. 381 

-0.264 

-0. 264 

lb 


0.416 

-0. 136 

-0. 1 36 

17 


0.480 

-0. 115 

-0. : J 5 

18 


0.680 

-0. 103 

- 0 . ; 0 3 

18 


0.715 

-0.076 

-0 . 0 7 b 

20 


0.750 

-0. 070 

-0. 07bi 

21 


0.785 

-0. 042 

-J.042 


♦ 

0. S20 

-0.029 

- 0 . 0 2 9 

Z3 


1 . 000 

0.634 

0. 634 







94 


KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 3 FLAP DEFLECTION ANGLE = O 

FILE NUMBER 35 

RESULTS OF SEAP DATA 


# ■*■ iir it ★ # ^ * 

TAP 

NUMBER 


it****' 

locat ion 


Cp 

upper 


■ it -Jt it ■Jt ■9t tt it 

C-P 

lower 

•Jtitititit'S'itititititititit 



it 




1 

it 

6.060 

~ 1 . 860 

-0.612 

2 

it 

0.076 

-1.728 

-0. 603 

3 

iff 

0.084 

-1.989 

-0.849 

4 

it 

0.094 

-1.877 

-0.854 

5 


0.108 

-1 . 665 

-0 . 777 

6 


0. 121 

-1.702 

-0.855 

•j 

1** 

it 

0. 133 

-1.887 

-1.019 

S 

it 

0.143 

— 1 . i'' 8 6 

-0.965 

9 

it 

0.155 

-1.445 

-0.744 

10 

it 

* 

0.169 

-1.192 

-0.591 

11 

it 

0. 184 

-1.009 

-0.490 

12 

it 

0.205 

-0.881 

-0. 423 

13 


0.228 

-0. 788 

-0. 364 

14 


0.250 

-0.476 

-0. 193 

15 

it 

0.381 

-0 . 38 1 

-0. 145 


it . 




16 

ih 

0.416 

-0.209 

-0. 057 

17 

it 

0.480 

-0. 177 

-0.050 

IS 

it 

0 . 680 

-0. 159 

-0.045 

19 

if 

0.715 

-0.119 

-0.035 

20 

it 

0.750 

-0.115 

-0. 02S 

21 

jt 

0 . i"’ 8 5 

-0. 080 

-0. 006 

22 

if 

0.820 

-0 . 063 

-0. 002 

O O 

■^ **•*:* if * * 

1 . 000 

0.630 

0. 630 


c 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 




DELTA P PROJECT 

- PHASE I 



SINGLE 

ELEMENT AIRFOIL 

. PROGRAM RESULT 

S 

ANGLE 

OF ATTACK 

= 6 

FLAP DEFLECTION 

ANGLE = 0 

FILE 

NUMBER 36 




*******^-»-^*****#*****************ie*^*-if*-iir ***#■*•** 

*»^*^ifififif»-*-ifif 


-- - 

RESULTS OF 

SEAP DATA 


*Tf******* + -^* ****************** -it** *•*••*■■«■•*• *^* **•*■■#■■»♦ 

TAP 


x/c 

Cp 

Cp 

NUMBER * 

iocat ion 

upper 

lower 

****-*-***«********#**ii-************i(f***-jt********* 


1 


0. 060 

-2.624 

-0. 093 


■*• 

0.076 

-2.407 

-0. 124 

3 

* 

0.084 

-2.670 

-0.345 

4 

* 

0.094 

-2.439 

-0.382 

5 

* 

0. 108 

-2. 190 

-0.355 

6 


0. 121 

-2. 194 

-0.444 

7 

if 

0. 133 

-2.383 

-0.598 

3 

if 

0. 143 

-2.240 

-0. 578 

Q 

•> 


0. 155 

-1.322 

-0.41 3 

le 

* 

0. 169 

-1.512 

-0 . 30y 

11 

if 

0. 134 

-1.233 

-0.240 

12 

if 

0.205 

-1.121 

-0. 198 

13 

♦ 

0.223 

-1.008 

-0. 156 

14 

* 

0.250 

-0.626 

-0.047 

15 

if 

0.381 

-0.510 

-0.013 


if 




16 


0.416 

-0.298 

0.033 

17 

*5^ 

0.480 

-0.248 

0.026 

18 


0 . 680 

-0.221 

0.022 

19 


0.715 

-0. 163 

0.016 

20 


0.750 

-0. 162 

0.024 

21 

if 

0.735 

-0. 119 

0 . 039 



0.320 

-0.096 

0. 036 

o •■;' 
-•> 


1.000 

0 . 6i^4 

0.624 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 0 FLAP DEFLECTION ANGLE = 5 

FILE NUMBER 37 

RESULTS OF SEAP DATA 


************ 
TAP * 
NUMBER * 
************ 


x/c Cp Cp 

location upper lower 

******************************************** 



* 




1 


0.062 

-1,340 

-1.022 


* 

0.073 

-1.235 

-0.949 

3 


0.083 

-1.572 

-1.143 

4 

* 

0.094 

-1.501 

-1.202 

5 

* 

0. 107 

-1.359 

-1.063 


* 




6 


0. 123 

-1.486 

-1.116 

r 

* 

0. 135 

-1.627 

- 1 . 266 

S 

* 

0. 143 

-1.324 

-1.146 

9 


0. 163 

-1.032 

-0.386 

10 

* 

0. 181 

-0.903 

-0.714 


* 




11 

* 

0.203 

-0. 596 

-0. 436 

13 


0.296 

-0.418 

-0.275 

13 


0.404 

-0.214 

-0. 076 

14 

* 

0.652 

-0. 153 

-0.003 

15 

* 

0.671 

-0.027 

0.215 

IS 

•T 

* - 

0 . 683 

-0.060 

0. 157 

1? 

* 

0,704 

-0.039 

0. 144 

13 

* 

0.720 

0.020 

0.124 

iS 

* 

0.741 

-0.022 

0. 068 

20 


0.795 

-0.067 

0.033 

21 


0.324 

-0.043 

0.003 


* 

0.352 

-0. 102 

-0 . 033 

c* 

* 

* 

1.000 

0. 760 

*♦*****♦**♦11 

0 . 760 
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KFINSFIS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 3 FLAP DEFLECTION ANGLE = 5 

FILE NUMBER 38 

RESULTS OF SEAP DATA 




TAP 

* 

X'-'C 

Cp 

Cp 

NUMBER 


locoLt ion 

upper 

lower 

****************-lt*it*»*******'iif*********** 

******************* 

1 

* 

0.062 

-1.607 

-0.743 

«» 

* 

0.073 

-1.513 

-0.712 

3 

* 

0.083 

-1.803 

-0.912 

4 

* 

0.094 

-1.703 

-0.984 

5 

* 

0. 107 

-1.524 

-0.881 

b 

★ 

0. 123 

-1.632 

-0.951 

l‘ 


0.135 

-1.767 

-1. 107 

8 

* 

0. 143 

-1.452 

-1.006 

9 

i«- 

0. 163 

-1.141 

— 0 . i’ 1 ' 3 

10 

* 

0. 181 

-1.001 

-0.619 


* 




11 

* 

0.203 

-0.644 

-0.384 

12 

* 

0.296 

-0.438 

-0.250 

13 

* 

0.404 

-0. 178 

-0. 105 

14 


0.652 

-0.09? 

-0. 060 

15 


0.671 

0. 122 

0.078 

16 


0.688 

0.091 

0.009 

17 

* 

0 . 704 

0. 123 

-0.020 

IS 

* 

0.720 

0. 158 

-0,022 

19 

* 

0.741 

0.080 

-0.039 

20 


0.795 

0.017 

-0.053 

21 

* 

8,824 

0.039 

-0.077 

liw 


0.852 

-0.024 

-0. 174 

^ w' 


1 . 000 

0. 750 

0.750 


* 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK « 6 FLAP DEFLECTION ANGLE = 5 

FILE NUMBER 39 

#■*•#** -S' *»*♦##*****■# ir iS' ***#★*#** iir -Jf it' * -Jf ■S #***# it- -Jf * •Jf -S’ 'S’## ■S’ * * 

RESULTS OF SEAP DATA 


ititititit-Sitit'it-^iif- 

TAP * x/'c 

NUMBER * location 

* 


LP 

upper 


r****iif*ititiif#* 

Cp 

lower 

fit 


1 

it 

0.062 

-1.905 

-0.469 

2 

it 

0.073 

-1.773 

-0 . 464 

3 

it 

0.033 

-2.063 

-0.661 

4 

it 

0.094 

-1.925 

-0.743 

5 

it 

0. 107 

-1.707 

-0. 680 

6 

★ 

* 

0. 123 

-1.798 

-0.764 

f 

it 

0. 135 

-1.914 

-0.932 

8 

it 

0. 14S 

-1.563 

-0.860 

9 

it 

0. 163 

-1.230 

-0.652 

10 

it 

0.181 

-1.083 

-0.512 

11 

* 

0.203 

—0 . 688 

-e.318 

12 

it 

0.296 

-0.456 

-0.209 

13 

it 

0.404 

-0. 140 

-0.119 

14 

it 

0.652 

-0.035 

-0.098 

15 

it 

it 

0.671 

0.261 

-0.040 

16 

it 

0.688 

0.254 

-0. 145 

17 

it 

0.704 

0.307 

-0.209 

13 

* 

0.720 

0.319 

-0. 192 

19 

it 

0.741 

0. 199 

-0. 158 

20 

* 

0.795 

0. 113 

-0. 150 

21 

•fr 

0.824 

0. 130 

-0. 163 


•t 

0.852 

0.045 

-0.281 

O-T' 

im W 

it 

it 

1.000 

0.725 

0.725 


■iri("#'itit"^ititi<f'ff'S"ji'itit^f'fi'it#itit'if"Jfi('#ititif'#'ilfititiif 




KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 

ANGLE OF ATTACK « 9 FLAP DEFLECTION ANGLE = 5 

FILE NUMBER 48 

***** *t************************* ***************************** 

RESULTS OF SEAP DATA 


**************************************************** *-i^ ****** 


TAP 

* 

x/c 

Cp 

Cp 

NUMBER 

* 

locat ion 

upper 

lower 


1 

•t* 

* 

0.062 

-2.268 

-0. 158 


* 

0.073 

-2.088 

-0. 183 

3 

* 

0.083 

-2.376 

-0.372 

4 

* 

0.094 

-2. 194 

-0.471 

5 

* 

0. 107 

-1.928 

-0.438 

b 

* 

0. 123 

-1.997 

-0.533 

1* 

* 

0. 135 

-2.091 

-0.701 

8 

* 

0. 148 

-1.699 

-0.658 

Cl 


0.163 

-1.338 

-0.488 

10 

* 

0. 181 

-1.185 

-0.369 

11 

* 

0.203 

-0.754 

-0.215 

12 

* 

0.295 

-0.498 

-0. 132 

1 3 

* 

0.404 

-0. 126 

-0.091 

14 

* 

0.652 

-0.002 

-0.081 

15 

* 

* 

0.671 

0.322 

-0. 017 

lb 

* 

0 . 688 

0 . 384 

-0. 286 

17 

* 

0.704 

0.488 

-0, 503 

IS 


0.720 

0.482 

-0. 472 

19 

* 

0.741 

0.316 

-0. 327 

20 


0.795 

0.205 

-0. 276 

21 

* 

0.824 

0.214 

-0.275 



0.852 

0.096 

-0.407 

23 

* 

* 

1.000 

0.683 

0. 683 


**********************************************#**^***^*^*^.jif* 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 0 FLAP DEFLECTION ANGLE = 10 

FILE NUMBER 40 

*****i^************##**#*******iif ***♦****♦♦***#+****■♦ ********* 


RESULTS OF SEAP DATA 


************************************************************ 
TAP * x-c Cp Cp 

NUMBER * location upper lower 

*************************************************:<********** 


* 


1 

* 

0.060 

-1.945 

-0.541 


* 

0.071 

-1 . 856 

-0. 493 

3 

* 

0.081 

-2. 166 

-0.534 

4 

* 

0.091 

-2.055 

-0. 747 

5 

* 

0. 102 

-1.832 

-0.725 

S 

* 

0.116 

-1.928 

-0 . 668 

l’’ 

* 

0. 12S 

-2. 110 

-0. 767 

3 

* 

0. 140 

-1.960 

-0.887 

9 

* 

0. 151 

-1.613 

-0. 771 

10 

* 

0. 165 

-1.370 

-0.562 

11 

* 

0. 180 

-1.263 

-0. 444 

12 

* 

0. 199 

-0.932 

-0.241 

13 

* 

0.278 

-0.683 

-0. 101 

14 

* 

0.399 

-0.469 

0.068 

15 

* 

0. 649 

-0.428 

0. 141 


* 




16 

# 

0.672 

-0.527 

0. 364 

1? 

* 

0. 688 

-0.622 

0. 331 

IS 

* 

0.704 

—0 . 685 

0. 317 

19 

* 

0.720 

-0.294 

0. 188 

20 

* 

X 

0.844 

-0.213 

0. 158 

21 

T 

* 

0.873 

-0.072 

0. 127 


* 

e.901 

0.027 

0. 105 

23 

* 

1.001 

0. 170 

0. 170 


* 


*********-<'************************************"^**'+‘-t'********* 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK » 
FILE NUMBER 41 


FLAP DEFLECTION ANGLE = iQ 


RESULTS OF SEAP DATA 


********** 
TAP * 
NUMBER * 
********** 
* 


************************************************** 
x/c Cp Cp 

location upper lower 

*************************************************** 


1 

* 

0.060 

- 2.761 

0.020 


* 

0.071 

- 2.588 

0. 006 

3 

* 

0.031 


- 0 . 063 

4 

* 

0.091 

- 2.744 

- 0.245 

5 

* 

0 . 102 

- 2.430 

- 0.265 

6 


0 . 116 

- 2.507 

- 0.252 

( 

* 

0 . 128 

- 2.685 

- 0. 353 

8 

♦ 

0 . 140 

- 2.476 

- 0.469 

S 

* 

0 . 151 

- 2.048 

- 0. 400 

10 

* 

0 . 165 

- 1.748 

- 0.252 

11 

* 

0 . 180 

— 1 . 6 1 f ‘ 

- 0. 163 

12 

* 

0 . 199 

- 1.200 

- 0. 033 

13 

* 

0.278 

- 0.383 

0.057 

14 

* 

0.399 

- 0.588 

0 . 165 

15 

* 

0.649 

- 0.519 

0.215 

16 

♦ 

* 

0.672 

- 0 . 566 

0 . 400 

17 


0.688 

- 0.671 

0.377 

18 

* 

0.704 

- 0.730 ^ 

0.361 

IS 

* 

0.720 

- 0.331 . 

0.230 

20 

* 

* 

0.844 

- 0.247 

0 . 199 

21 

* 

0.873 

- 0.096 

0 . 159 



0.901 

0.010 

0 . 128 

23 

ir 

* 

1.001 

0 . 165 

0 . 165 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT « PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK * 6 FLAP DEFLECTION ANGLE * 10 

FILE NUMBER 42 

***********#*#4#**#***#*****»****##*************-«f *********** 

RESULTS OF SEAP DATA 

************************************************************ 
TAP * x/c Cp Cp 

NUMBER * location upper lower 

************************************************************ 


* 


1 

* 

0.060 

" 3 • ^ 0 5 

0 . 459 

o 

* 

0.071 

- 3.384 

0.409 

3 


0.081 

"" w • i ' O i ‘ 

0 . 327 

4 

* 

0.091 

- 3.476 

0 . 178 

5 

* 

6 . 102 

- 3.060 

0 . 130 

€ 

* 

0.116 

- 3.111 

0 . 112 

»■ 

* 

0 . 128 

- 3.279 

0.014 

8 

* 

0 . 140 

- 2. 999 

- 0. 100 

Q 

•r 

* 

0. 151 

- 2.483 

- 0.072 

: 0 

* 

0 . 165 

- 2. 128 

0.028 

11 

* 

0 . ISO 

- 1.979 

0.084 

12 

* 

0 . 199 

- 1.476 

0 . 160 

13 

* 

0.278 

- 1.090 

0.208 

14 

* 

0.399 

- 0.707 

0.262 

15 

* 

* . 

0.649 

- 0. 606 

0.291 

16 

* 

0.672 

- 0 . 600 

0 . 437 

1 ? 

* 

0.688 

- 0.717 

0 . 424 

IS 

* 

0.704 

- 0.771 

0.40 i ' 

19 

* 

0.720 

- 0 . 364 

0 . 2 1 ' 6 

20 

* 

0.844 

- 0.277 ■ 

0.242 

21 


0.873 

- 0. 116 

0 . 194 



0.901 

- 0.003 

0 . 153 

**** 

* 

* 

1. 001 

**************^ 

0 . 163 

0 . 163 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = S FLAP DEFLECTION ANGLE » 10 

FILE NUMBER 46 

**#*»*#*****»*#**#*#**#*#******************♦******##***•»**'»■* 

RESULTS OF SEAP DATA 

TAP * x/c Cp Cp 

NUMBER * location upper lower 


* 


1 

* 

0.060 

-4.614 

0. 771 

2 

* 

0.071 

-4.232 

0. 711 

3 

* 

0.081 

-4.594 

0.632 

4 

* 

0.091 

-4.240 

0.517 



0. 102 

-3.708 

0. 456 

6 


0.116 

-3. 724 

0.417 

? 

* 

0. 123 

-3.371 

0.327 

8 

* 

0. 140 

“3.518 

0.225 

S 

* 

0. 151 

-2.909 

0.221 

10 

* 

0. 165 

-2.492 

0. 272 

11 

* 

0. 180 

-2.326 

0. 301 

12 

* 

0. 199 

-1.753 

0.334 

13 

* 

0.278 

-1.301 

0. 349 

14 

* 

0.399 

-0.333 

0. 359 

15 

* 

0.650 

-0.704 

0.372 


* 




16 

* 

0.672 

-0. 668 

0.488 

17 


0.688 

-0.776 

0. 483 

18 

* 

0.704 

-0.816 

0.467 

19 

* 

0.720 

-0.398 

0.330 

20 


0.844 

-0.308 

0.294 

21 

* 

0.373 

-0.135 

0. 237 

22 


0.901 

-0.016 

0. 185 

23 

* 

******** 

1.001 

0. 160 

0. 160 


104 


KflHSftS UNIVERSITY FLIGHT RESEftRCH LmB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK » 0 FLAP DEFLECTION ANGLE ■ 15 

FILE NUMBER 43 

♦ »**#♦**#**#•»*♦*****♦*#*********#♦ #***4 * 4 * »***»* ****** 

RESULTS OF SEAP DATA 

********** **************************************** ********** 
TAP ♦ x/c Cp Cp 

NUMBER * location upper lower 

************************************************************ 


* 


1 

* 

0.073 

-2.507 

-0.227 

2 

* 

0.085 

-2.529 

-0.298 

3 

* 

0.098 

-2.256 

-0.423 

4 

* 

0.114 

-2.350 

-0.409 

5 

* 

0. 128 

-2.522 

-0. 477 

6 

* 

0.142 

-2. 133 

-0. 584 

7 

* 

0. 157 

-1.715 

-0.457 

8 

* 

0. 175 

-1.479 

-0.288 

9 


0.197 

-1.357 

-0.214 

iu 

* 

0.222 

-0.903 

0.011 


* 




U 

* 

0.367 

-0.781 

0.073 

12 

* 

0.416 

-0.608 

0.217 

13 

* 

0.607 

-0.616 

0.254 

14 

* 

0.632 

-0.718 

0.406 

15 

* 

* 


-0.750 

0.418 

lb 

* 

0.674 

-0.945 

0. 444 

17 

* 

0.695 

-1 .061 

0.449 

IS 

* 

0.715 

-0.913 

0. 449 

19 

* 

0.735 

-0.269 

0.248 

20 

* 

0.916 

-0. 157 

0,201 


* 




21 

* 

0.947 

0. 152 

0. 079 

o? 

* 

0.977 

0.247 

0. 083 

23 

* 

* 

1.003 

0. 151 

0. 151 


************************************************************ 

I 

I 
I 

I 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK » 3 FLAP DEFLECTION ANGLE * 15 

FILE NUMBER 44 

RESULTS OF SEAP DATA 

TAP * x/c Cp Cp 

NUMBER * location upper lower 

**♦**♦**** **«***#*#»*#**e****i»'*****#*******»-^*************** 


* 


1 


0.072 

-3.224 

0. 190 

•t* 

Ito 


0.085 

-3. 193 

0. 103 

>5 


0.098 

-2.815 

-0.025 

4 

♦ 

0.114 

-2.874 

-0.048 

5 


0. 128 

-3.036 

-0. 129 

b 

* 

0. 142 

-2.586 

-0.235 

( 

* 

0. 157 

-2. 103 

-0. 156 

8 

* 

0. 175 

-1.819 

-0.041 

9 

♦ 

0. 197 

-1.687 

0.009 

10 

* 

0.222 

-1.114 

0. 154 

11 

> 

0.367 

-0.959 

0. 193 

12 

♦ 

0.416 

-0.711 

0.288 

1 3 


0.607 

-0.703 

0.315 

14 


0.631 

-0.762 

0.439 

15 

♦ 

0.654 

-0.787 

0.454 


# 




18 

* 

0.674 

-0.960 

0. 477 

17 

# 

0.695 

-1.061 

0.481 

18 

•# 

0.715 

-0.913 

0.482 

IS 

* 

0.735 

-0.280 

0.275 

20 


0.916 

-0. 166 

0.224 

21 


0.947 

0. 150 

0. 079 



0.977 

0.241 

0, 070 


if 

4 

♦ ♦ 

1.003 

0. 143 

0. 143 
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KANSfiS UNIVERSITY FLIGHT 'RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRPOIL PROGRAM RESULTS 

ANGLE OF ATTACK » 6 FLAP DEFLECTION ANGLE » 15 

FILE NUMBER 45 

♦ •»****-»**##*4***»*##-!l*#*4##i^ ************** **^**+i(-****^**«-!^** 

RESULTS OF SEAP DATA 

*****************************************************-‘ ****** 


TAP 

NUMBER 

* 

* 

x/c 

local ion 

Cp 

upper 

Cp 

lowe r 

************************************************ 

* 

************ 

1 

* 

0.073 

-4.040 

0.539 

2 

* 

0.085 

-3.951 

0. 44S 

3 

* 

0.098 

-3.454 

0. 323 

4 

* 

0.114 

-3.475 

0. 230 

5 

* 

0. 128 

-3.614 

0. 193 

6 

♦ 

0. 142 

-3.061 

0. 087 

7 

* 

0. 157 

-2.491 

0. 121 

8 

* 

0. 175 

-2. 160 

0. 193 

« 

m' 

* 

0. 197 

-2.017 

0. 224 

10 

* 

0.222 

-1.329 

0. 296 

11 


0.327 

-1.144 

0.316 

12 

* 

0.416 

-0.319 

0 . 2 6 4 

13 


0.607 

-0.792 

0 . o 8 2 

14 


0.631 

-0.812 

0. 479 

15 

* 

0. 655 

-0.840 

0. 497 

18 

* 

0.674 

-0.997 

0.513 

17 

* 

0.695 

-1 . 087 

0. 521 

18 

4 

0.715 

-0. 936 

0.524 

19 

* 

0.735 

-0.292 

0. 311 

20 

* 

0.916 

-0. 175 

0.257 

21 


0.947 

0. 155 

0 . 092 

22 

4 

0.977 

0.246 

0.069 



1.003 

0. 145 

0. 145 




■■'■If:; 


or' 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 9 FLAP DEFLECTION ANGLE = 15 

FILE NUMBER 47 

******* #**#************^^**** ********* **• 3 ^*#***** ************* 


RESULTS OF SEAP DATA 


TAP * x/c Cp Cp 

NUMEER * location upper lower 

^******1^********************* *********** *************** 

1 

* 

* 

0.073 

-4.897 

0.791 

2 


0.085 

-4.740 

0.711 


* 

0.098 

-4.113 

0 . 608 

4 

* 

0.114 

-4.090 

0.548 

5 


0. 128 

-4.203 

0.464 

6 


0. 142 

-3.550 

0.367 

7 

* 

0. 15? 

-2. 891 

0. 365 

8 

* 

0. 175 

-2.504 

0.394 

9 


0.970 

-2.343 

0.405 

10 

★ 

0.222 

-1.530 

0. 424 

11 


0.367 

-1.310 

0.427 

12 


0.416 

-0.912 

0.439 

13 


0.607 

-0.874 

0.450 

14 

* 

0.632 

-0. 869 

0.531 

15 

* 

* 

0.655 

-0. 898 

0.554 

16 

* 

0.674 

-1.044 

0.574 

17 

* 

0.695 

-1. 123 

0.574 

18 

* 

0.715 

-0.967 

0. 577 

19 

* 

0.735 

-0. 304 

0. 356 

20 


0.916 

-0. 181 

0. 297 

21 

•jir 

0.947 

0. 163 

0. 109 

'* 

•it 

0.977 

0.253 

0. 070 

oo 


1 . 003 

0. 146 

0.146 


* 


************************************************************ 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 

ANGLE OF ATTACK = 8 FLAP DEFLECTION ANGLE = O 

FILE NUMBER 50 

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIONS 

*************************************************************** 
TAP * x/c Cp Cp change in 

NUMBER * location upper lower Cp 


1 


0.119 

-1.267 

-1.267 

0. 000 



0. 171 

-0.859 

-0. 359 

0. 000 

3 


0.223 

-0.588 

-0.583 

0. 000 

4 

* 

0.276 

-0.320 

-0.320 

0. 000 

5 

* 

0.32S 

-0.292 

-0.292 

0. 000 

6 


0.380 

-0.264 

-0.264 

0.000 

l*‘ 

♦ 

Hp 

0.433 

-0. 130 

-0. 130 

0. 000 

o 

It 

iL 

0.485 

-0.114 

-0.114 

0.000 

9 


0 . 537 

-0.111 

-0.111 

0. 000 

10 

"T 

0.589 

. -0.108 

-0. 103 

0. 008 

1 1 

* 

0. 668 

-0. 103 

-0. 103 

0. 008 

12 


0.720 

-0.075 

-0. 075 

0 . 008 

13 


0 . 766 

-0.053 

-0.053 

0 . 000 




* Change in pressure coefficient represents the difference 
between lower and upper surface pressure coefficients 


112 



KANSAS UNIVERSITY FLIGHT RESEARCH LAB 


DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 3 FLAP DEFLECTION ANGLE = 0 

FILE NUMBER 51 

»##***##*T^*#*#****#-»***#-»##*#****##*#*****###i«- -iff *#*##****#**# 

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIONS 


TAP 

* 

x/c 

Cp 

Cp 

change in 

NUMBER 

* 

locQt ion 

upper 

lower 

Cp 


1 

* 

* 

0.119 

-1.695 

-0.841 

0.854 

*“i 

* 

0. 171 

-1 . 162 

-0.574 

0.587 

3 


0.223 

-0.307 

— 0 . 3 1' 6 

0.431 

4 


0.276 

-0.457 

-0. 184 

0.273 







5 


0.328 

-0.419 

-0. 164 

0.255 

€ 


0.380 

-0.382 

-0. 145 

0.237 

i' 

# 

0.433 

-0.201 

-0.055 

0.145 

s 


0.485 

-0.177 

-0.049 

0 . 1 2 1'' 

Q 

# 

0.537 

-0.172 

-0. 043 

0 . 1 24 







10 

* • 

0.589 

-0.167 

-0.047 

0.120 

11 

# 

0. 668 

-0. 160 

-0.045 

0.115 

12 

* 

0.720 

-0.118 

-0.034 

0. 084 

13 


0. 766 

-0.100 

-0.013 

0 . 0 y 2 






Chan'ge in pressure coefficient, represente the difference 
between lower and upper surface Pressure coefficients 
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KfiNSflS UNIVERSITY FLIGHT RESERRCH LRB 
DELTR P PROJECT - PHRSE I 
SINGLE ELEMENT RIRFOIL PROGRRM RESULTS 


RNGLE 

OF RTTRCK = 6 

FLRP 

DEFLECTION 

RNGLE = 0 

FILE 

NUMBER 

52 




****.*.**.V.***.******it******************t Hr ************** ********* 

RESULTS OF 

SERP DRTR 

INTERPOLRTED TO 

PHRSE I TRP LOCRTIONS 

*^*****^********^************* ********************* ********* 

TRP 

*• 

x/c 

Cp 

Cp 

chansie in 

NUMBER * 

locat ion 

upper 

lower 

Cp 

********** .?t*****'»r-* + ^***-^****±* ****■*•★**■*• 

1 * 0.119 -2.193 -0.429 1.764 


* 

0. 171 

-1.474 

-0.297 

1. 177 


* 





3 

* 

0.223 

-1.031 

-0. 165 

0. 866 

4 

* 

0.276 

-0. 602 

-0.041 

0.561 

5 

* 

0.328 

-0.557 

-0.029 

0,527 

6 


0.330 

-0.511 

-0.018 

0.493 

1* 


0.433 

-0.285 

0. 031 

0 . 316 

8 


0.485 

-0. 248 

0.026 

0.273 

9 


0.537 

-0.240 

0.025 

0.265 


* 





10 

* 

* 

* 

0.589 

-0.233 

0.024 

0.257 

11 

0.668 

-0. 222 

0. 022 

0.245 

12 

if 

if 

0.720 

-0 . 1 63 

0.017 

0. 180 

1 ^ 0 • F 6 6 “ 0 • 1 4 - j y • 0 J 1 y • 1 1’ 4 

^^^^^-ftHr-fr^^^He***^^****^^************************************* 


* 


Chorny'S in prs-ss-ure- coefficient represents, the difference 
tig^tween lower and upper surface pressure coefficients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 


DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 0 FLAP DEFLECTION ANGLE « 5 

FILE NUMBER 53 


****##**#*##**#***##****#»**** !ti^*#**********#***i<-*****#**#** 


RESULTS OF 

SEAP DATA 

INTERPOLATED 

TO PHASE I TAP 

LOCATIONS 

TAP * x/c Cp . Cp chaneie in 

NUMBER * location upper lower Cp 

1 * 0.119 -1.455 -1.104 0.352 

TT 

2 * 

0. 171 

-0.973 

-0.809 

0. 165 

TT 

3 * 

4 * 

0.223 

-0.558 

-0.401 

0. 156 

0.276 

-0.456 

-0.310 

0. 147 

5 * 

6 if 

0.328 

-0.358 

-0.216 

0. 142 

0.380 

-0.259 

-0. 120 

0. 139 

1*" ^ 

S * 

0.433 

-0.208 

-0. 063 

0.140 

0.4S5 

-0. 196 

-0.054 

0. 142 

9 * 

0.537 

-0. 184 

-0. 040 

0. 144 

10 * 

0.589 

-0. 172 

-0.025 

0. 147 

11 * 

0.668 

-0.049 

0. 177 

0.226 

12 if 
* 

13 * 
* 

Gl 

• 

--J 

ro 

0.01S 

0. 125 

0. 107 

0.766 

-0.043 

0.052 

0.094 




* Change in pressure coefficient represents the difference 
between lower and upper surface pressure coefficients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 3 FLAP DEFLECTION ANGLE = 5 

FILE NUMBER 54 

*#^*******##****#************** ***************************** 
RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIONS 


TAP 


x/c 

Cp 

Cp 

change in 

NUMBER 

* 

local ion 

upper 

lower 

Cp 

*****************#*•»****»**♦**#*«■ 


********** 

1 

* 

0.119 

-1.606 

-0.934 

0.672 


* 






* 

0. 171 

-1.078 

-0.704 

0.374 


* 





3 

* 

* 

0.223 

-0.600 

-0.355 

0.245 

4 

* 

* 

0.276 

-0.482 

-0.279 

0.203 

5 

* 

* 

0.328 

-0 . 360 

-0.207 

0. 154 

6 

* 

0.380 

-0.236 

-0. 137 

0. 099 



0.433 

-0. 169 

-0. 100 

0.069 

8 

* 

* 

0.485 

-0.152 

-0.090 

0.061 

9 

* 

* 

0.537 

-0. 135 

-0.081 

0.054 

10 

* 

* 

0.589 

-0. 1 18 

-0.072 

0.046 

11 

* 

* 

0. 668 

0.085 

0.055 

-0.030 

12 


8.720 

0. 156 

-0.022 

-0. 178 

1 3 

***♦•*•**■* 

* 

0.766 

0. 052 

-0.046 

-0.097 


* Chcin^e in pressure coefficient represents the difference' 

between lower and upper surfo.ce pressure coefficients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK « 6 FLAP DEFLECTION ANGLE * 5 

FILE NUMBER 55 

#*»**##*#*^*#»#**# ***■*♦#*##***** ****#^ir**4f-****** ************* 

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIONS 




TAP 

* 

x/c 

Cp 

Cp 

change in 

NUMBER 

* 

location 

upper 

lower 

Cp 

*****#*■*#*#*♦«•*#«•*****•**•*#■*•♦*•*#«■* 

44444444444444444*444444444 

1 

* 

iL 

0.119 

-1.777 

-0.744 

1.033 

4* 

* 

Jr 

0.171 

-1.164 

-0.589 

0.575 

3 

* 

0.223 

— 0 . 638 

-0.295 

0.343 

4 

* 

0.276 

-0. 506 

-0.233 

0.273 

5 

* 

X 

0.328 

-0.362 

-0. 182 

0. 180 

6 

X 

* 

0.380 

-0.210 

-0.139 

0.071 


* 





(' 

■* 

* 

0.433 

-0. 128 

-0.116 

0.012 

8 

* 

0.485 

-0.106 

-0.112 

-0.006 

9 

T 

* 

0.537 

-0.084 

-0. 108 

-0.024 

10 

if 

4 

0.589 

-0.062 

-0.103 

-0.042 


4 





11 

4 

X 

0 . 663 

0.211 

-0.050 

-0.261 

12 

X 

4 

X 

0.720 

0.319 

-0. 192 

-0.511 

13 

X 

* 

0.766 

0.160 

-0. 154 

-0.314 




* 


Change in pressure coefficient represents the difference 
between lower and upper surface pressure coefficients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK * 0 FLAP DEFLECTION ANGLE = lO 

FILE NUMBER 56 

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIONS 


*****^**************************************^************^** 


TAP 


x/c 

Cp 

Cp 

change in 

NUMBER 

# 

location 

upper 

lower 

Cp 


1 

«■ 

# 

0.119 

-1.977 

-0.695 

1.282 

2 

* 

# 

0. 171 

-1.328 

-0.515 

0.812 

3 

* 

0.223 

—0 >856 

-0. 198 

0.658 

4 

*■ 

iL 

0.276 

-0.690 

-0. 106 

0.585 

5 

▼ 

♦ 

0.328 

-0.595 

-0.031 

0.563 

6 

* 

* 

* 

* 

0.380 

-0.503 

0.042 

0.545 

r 

0.433 

-0.464 

0.078 

0.542 

8 

* 

* 

0.485 

-0.455 

0.093 

0.543 

51 

0.537 

-0.447 

0 . 108 

0.555 

10 

♦ 

* 

* 

* 

0.589 

-0.438 

0. 123 

0.561 

1 1 

0.668 

-0.511 

0.328 

0.339 

12 

* 

0.720 

-0.294 

0 . 188 

0.482 

13 

X 

0.766 

-0.264 

0. 177 

0.441 




* Change ifi pressure coeff ic i erit represetits thi= difference 
between lower and upper surface pressure coefficients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAE 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK « 3 FLAP DEFLECTION ANGLE » lO 

FILE NUMBER 57 

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIONS 

TAP ^ x/c Cp Cp chari^e in 

NUMBER * location uPPtr lower Cp 


1 


0.119 

-2.555 

-0.279 

2.276 

V 

* 

0, ' 71 

-1.697 

-0.219 

1.478 


♦ 





o 


0.223 

-1.104 

-0.006 

1 . 098 

4 

* 

0.276 

-0.893 

0.054 

0.947 

5 

* 

0.328 

-0.762 

0. 102 

0.864 


* 





6 


0.380 

-0.635 

0. 149 

0.783 

7 

* 

0.433 

-0.579 

0. 172 

0.7f 1 

8 

* 

0.485 

-0,564 

0. 183 

0.747 


* 





Q 

•* 

* 

0.537 

-0.550 

0. 193 

0.743 

10 

*■ 

0.589 

-0.535 

0.203 

0.739 

11 

* 

* 

* 

0.668 

-0.558 

0.370 

0.928 

12 

0.720 

-0.331 

0.231 

0.562 

13 


0.766 

-0.300 

0.219 

0.519 



Change 

in pressure 

coef f icient 

represents th 

e differenc 

between 

lower and 

upper surface 

pressure coe 

f f icients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK ■ 6 FLAP DEFLECTION ANGLE * 10 

FILE NUMBER 58 

#*»***#«********##*'»»##<^ 4 * 4 ***#»* 4 #** 4 #****#** *****##*#**#«# 

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIONS 


♦ 4 444 44444444*#'iHHHHH»*44-*4»4444#4**44*4»4#**4*44 444«4*444*4* 


TAP 4 

x/c 

Cp 

Cp 

chanee in 

NUMBER * 

local ion 

upper 

lower 

Cp 


1 4 

0.119 

-3. 156 

0 . 086 

3.242 

2 * 

4 

3 # 

0. 171 

-2.070 

0.050 

2.119 

0.223 

-1.359 

0. 175 

1.533 

4 

4 4 
4 

5 4 

4 

6 4 
4 

7 4 

0.276 

-1. 101 

0.207 

1 . 308 

0.328 

-0.932 

0.230 

1.162 

0.380 

-0 . 767 

0.253 

1 . 020 

0.433 

-0.693 

0.266 

0.959 

4 

8 4 

0.485 

-0.672 

0.272 

0.944 

9 4 

0.537 

-0.651 

0.278 

0.929 

4 

10 4 
4 

11 4 

0.589 

-0.630 

0.284 

0.914 

0.668 

-0.601 

0.413 

1.014 

12 4 

0.720 

-0.364 

0.276 

0.640 

13 4 

0.766 

-0.332 

0.263 

0.595 

4444444444 

4444444-4+44444444444444444444444444 

.*^.^^♦^**4444 

* Chon?« 

in pressure 

coef f icxent. 

represents 

the difference 

b€ tlJ€ « 

n lower and upper surface 

pressure c 

oef f icxent s 
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KRNSfiS UNIVERSITY FLIGHT RESEfiRCH LfiB 
DELTA F PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK * 0 FLAP DEFLECTION ANGLE * 15 

FILE NUMBER 59 

♦ ♦•»i^'4***«-*#***#****4«"*##**->HHf»*******#***«'**4* + #*f*#****«#*#» 

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIONS 


♦♦•»#♦♦***♦#«■♦***■*♦*♦*♦♦■»***# ****** 


TAP 

♦ 

x/c 

Cp 

Cp 

chanee in 

NUMBER 

♦ 

location 

upper 

lower 

Cp 


'♦**♦**■»♦*♦**■»■»♦*♦**♦*♦***#*#***■»#*#** ****♦*#*■4 4* 

1 

* 

M 

0. 119 

-2.411 

-0.433 

1.978 

2 

* 

0. 171 

- 1 . 526 

-0.322 

1.204 


* 





3 

* 

0.223 

-0.902 

0.011 

0.914 

4 

* 

0.276 

-0.858 

0.034 

0.392 

5 

* 

0.328 

-0.814 

0.056 

0.370 


* 





6 

* 

0.380 

-0.736 

0.111 

0 . 346 

"9 

< 

1r 

0.433 

-0. 609 

0. 220 

0.829 

8 

* 

0.485 

-0.611 

0.230 

0.841 


* 





Cl 

* 

0.537 

-0.613 

0.240 

0.353 


* 





le 

«• 

0.589 

-0.615 

0.250 

0 . 866 


♦ 





11 

* 

0. 668 

-0.882 

0. 436 

1.318 

IS- 

4 

0.720 

-0.751 

0.399 

1.150 

IS 

4 

4 

0.766 

-0.250 

0. 240 

0. 490 


4444*4****4*4***4'*’*'»4''' !?444444'*4i^'^4* 


* Change 

in pressure 

coef f icient 

represent s 

the difference 

between 

lower and upper surface 

pressure c 

oe* f icients 
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KflHSflS UNIVERSITY FLIGHT RESEfiRCH Lf\B 
DELTH P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 3 FLAP DEFLECTION ANGLE = 15 

FILE NUMBER 60 

******************************** ***-i^** ********* ***********i^** 
RESULTS OF SEAP LATA INTERPOLATED TO PHASE I TAP LOCATIONS 

^■***’**'S'*if'*************************************************** 

TAP * x/c Cp Cp charv9e in 

NUMBER * location uppe^- lower Cp 

************************************************************** 


1 

* 

0.119 

-2.932 

-0.077 

2.855 

2 

* 

0. 171 

-1.882 

-0. 067 

1.816 

s.' 

* 

* 

* 

0.223 

-1.113 

0. 154 

1 . 2 b i' 

4 

* 

0.276 

-1 . 056 

0. 169 

1.225 

5 


0.328 

-1.001 

0 . 183 

1 . 183 

6 


0.380 

-0.893 

0.218 

1.111 

1* 


0. 433 

-0 .710 

0.290 

1 . 00 1 

8 


0.485 

-0.708 

0. 298 

1 . 006 

9 


0.537 

-0.706 

0. 305 

1.011 

10 

* 

0.589 

-0.704 

0.312 

1.016 

11 


0 . 668 

-0.908 

0.470 

1.373 

12 


0.720 

-0.755 

0.430 

1 . 1 8 5 

13 


0.766 -0.260 

0.266 

0.527 

Chci.n?e 

i n P res re coet' f i c i ent 

represents 

t f 1 !=■ d i f f T r f h !_■ f 

bet 

ween 

lower and 

upper surface 

pressure c 

oef f icients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK « 6 FLAP DEFLECTION ANGLE * 15 

FILE NUMBER SI 


RESULTS OF 

SEAP DATA 

INTERPOLATED 

TO PHASE I 

TAP LOCATIONS 

TAP * x/c Cp Cp change in 

NUMBER * location upper lower Cp 

1 * 0.119 -3.525 0.249 3.774 

2 * 

* 

3 * 

0. 171 

-2.234 

0. 177 

2.411 

0.223 

-1.327 

0.296 

1 . 623 

4 * 

0.276 

-1.234 

0 . 306 

1 . 540 

5 * 

0.328 

-1.140 

0.317 

1.457 

T 

s * 

0. 380 

-0.950 

0.345 

1.295 

7 * 

0.433 

-0.817 

0. 366 

1. 182 

S * 

0.485 

-0.309 

0.371 

1. 180 

9 * 

0.537 

-0.802 

0.375 

1.177 

10 * 

0.589 

-0.795 

0.380 

1.175 

11 * 

0.668 

-0.947 

0.511 

1.459 

12 * 

0.720 

-0.775 

0.471 

1 ,246 

13 ^ 

0 . 766 

-0.272 

0.302 

0.574 




♦ Change ifi pressure coefficient represents the difference 
between lower and upper surface pressure coefficients 
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KRNSfiS UNIVERSITY FLIGHT RESEARCH LAB 
BELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK * 9 FLAP DEFLECTION ANGLE = 18 

FILE NUMBER 62 

»*****##-«-#****«*********-S****-ir*##**-ir#***-if*#**-*:(r* ************ 

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIONS 

**#*-it***-<-* ******** *******************************4-i>r ********* 


TAP 

* 

x/c 

Cp 

Cp 

change in 

NUMBER 

* 

local ion 

upper 

lower 

Cp 

t ********** ************************************************* 

1 

* 

0. 119 

-3.761 

0.395 

4. 155 


* 





.^1 

* 

0. 171 

-2.426 

0.284 

2.709 

3 

* 

0.223 

-1.616 

0.339 

1.954 


* 





4 

* 

0.276 

-1.312 

0.349 

1.661 

5 


0. 328 

-1. 108 

0.353 

1.461 

6 

* 

0. 380 

-0. 906 

0. 357 

1.264 

l’ 

* 

* 

0.433 

-0.816 

0.361 

1 • 1 6 

8 


0.485 

-0.789 

0. 363 

1.152 

9 

* 

0.537 

-0.762 

0.366 

1.128 

10 

* 

0.589 

-0.735 

0. 369 

1.104 

11 

* 

0.668 

-0. 675 

0.467 

1.141 

12 

* 

0.720 

-0.398 

0.330 

0. 7 28 

13 


0 . 766 

-0.365 

0 .317 

0.681 





* Chari9€ 

in pressure coefficient 

represents the 

difference 

beiween 

lower and upc-er 

surface 

press u r e c o e f f 

i c i ent s 
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KFiNSfiS UNIVERSITY FLIGHT RESERRCH LRB 
DELTfi P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 9 FLAP DEFLECTION ANGLE = 15 

FILE NUMBER 63 

*******##* * #*•«■****##********#****** *****#it ******************* 

results of SEAP data INTERPOLATED TO PHASE I TAP LOCATIONS 
************************************************************ 


TAP 

* 

x/c 

Cp 

Cp 

change in 

NUMBER 

* 

locat ion 

upper 

lower 

Cp 


*********** 

1 

* 

* 

0.119 

-4. 130 

0.518 

4.648 

•? 


0. 171 

-2.590 

0.388 

2.978 



0.223 

-1.528 

0.424 

1.953 

4 

* 

0.276 

-1.448 

0.425 

1.873 

5 


0.328 

-1.369 

0.426 

1 . 795 


« 





6 

* 

0.380 

-1.204 

0.430 

1.635 

7 

* 

0.433 

-0.909 

0. 440 

1.349 

8 

* 

* 

0.485 

-0.898 

0.443 

1.341 


* 





9 


0.537 

-0.888 

0. 446 

1.334 


* 





10 

* 

* 

0. 589 

-0.878 

0. 449 

1.327 

11 

* 

* 

0. 668 

-0. 998 

0. 568 

1 . 566 

12 


0.720 

-0.891 

0.522 

1.323 

13 

* 

4 

0. 766 

-0. 283 

0. 346 

0. 629 


************************************************************ 


* Chan-ge in pressure coefficient represents the difference 

between lower and upper surfo.ce Pressure coefficients 


KftNSfiS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


ANGLE OF ATTACK = 9 FLAP DEFLECTION ANGLE = 5 

FILE NUMBER S4 

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIONS 


TAP * x/G Cp Cp change in 

NUMBER * location upper lower Cp 

**■ 1 ^**** ******#**■<•**********##****# 


1 

* 

* 

0.119 

-1.980 

-0.509 

1.471 


* 

0. 171 

-1.270 

-0. 435 

0.835 


* 

0.223 

-0.698 

-0. 197 

0.501 

4 

* 

* 

0.276 

-0.551 

-0. 149 

0.402 

C 

'a* 


0.328 

-0.385 

-0. 120 

0. 266 

6 

* 

*■ 

0.380 

-0.208 

-0. 100 

0. 108 

y 

* 

* 

0.433 

-0. 112 

-0.090 

0.022 

y 

i«r 

0.485 

— 0 . 086 

-0.083 

-0.002 

9 

* 

* 

0.537 

-0. 060 

-0. 086 

■•0.026 

10 

* 

* 

0.589 

-0.034 

-0.084 

-0.050 

11 

* 

0.668 

0.271 

-0.027 

-0.298 

12 

# 

* 

0.720 

0.482 

-0.472 

-0. 954 

13 

* 

0. 766 

0. 265 

-0.303 

-0.568 


# 




* Chari-?€ in pressure coefficient represents the difference 
between lower and upper surface pressure coefficients 


126 



ei 'SEflP INTERPOL. PROG.”* 

1! din Xn3^Un3]>LC13]<CI13]fR*I);din Cl 23 ]• Ht233f 1C23 ]• 0«Q 
2! dm En3>lGLRClbl>D[16i;din Bt4i4],PfX 

3« .n9-»Xt 1 ]? . 17l^Xt2]?.223+X[3 3; .276-»Xt4]J .32S+Xt5 3J .33*;;C&3; .433->XC7 3 

41 . 485<;t S3!. 537->XC 9 31. 589+Xt 10 35. 66S+XC 113;. 72-»XC 123;. 7o8-»XC 133 

5i irk lltor F*34 to 43 

6i Idf F.GC*3iHC*3> IC*3>0fQ 

7i for I«1 to 13 

8l for J»1 to 22 

91 if xn3*GtJ3;no 11 

101 HC J3+UC 1 3; lUl^LC I mto 15 

111 if not (Xtn;GEJ3 and Xt I KCt J+1 3) ; »to 16 

121 (Xr I 3-GC J3)/(GC J+1 3-GC J3>+2 

131 Z<HtJfl 3-Ht J3>+HC J34UC I 3 

141 2<It Jtl 3-I[ J3> + IC J3-^Li: I 3 

15i LC13-UC13*CCI3-^ECl5F-33 3 

16i ntxt J 

17i next I 

181 0+fltF-33 3i'A;Q-»DCF-33 3-»D 

19i ref F^ 16> KE * 3> UE * 3« LC * 3i CC * 3> R* D 

201 ntxt F 

211 for T»1 to 13 ;T-.P.;xET 3-»X 
22i for S*1 to 16 
231 EETiSl-»BEDES3^5+l,flES3/3+13 
241 ntxt S 

251 fdf T+6S;rcf T-*-65*BE * 3*P.X 

26 I ntxt T 

*24010 


I 

I 

I 
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0« “SEflP - DELTR C SUB P OUTPUTTING PROCPRM fiU* 50-*e5"» 
n dirt LTtSO]>P#C3 3.Vlt80]>S«nO];for S»1 to bOJ “*-“4LT£S];n*xt S;t :«d 1 
2i dirt XC13].Ut 133.LC 133.CC l31.R»Dr 
3« “ "♦$# 

41 f nt 1 . lOx. f 3. 0. 4x. “ ♦" « 4f 12. 3 

5« fnt 2.9x; RNCLE OF RTTflCK • *.f4.0. lOx. *FLflP DEFLECTION ANCLE - '.£4.0 
6« fnt 3.9 n.“FILE HUMBER “*f2.0 

71 "PCL":*m "FILE NUMBER':^". FI if F>6S or F .SOJtto ♦© 

8« irk llfdf FSldf F. X£ ♦ 3. UC* 3.LC * 3. CC * 3.R. D • 


9: "STR’twri o." “{for S«1 to 5lurt blntxt S 

10; wri S." KANSAS UNIVERSITY FLIGHT RESEARCH LAB’^lwri 6 

ll; wri S." DELTA P PROJECT - PHASE 1“ 


12 ; 

13; 

14; 

15; 

IB; 

17: 

18; 

19; 

20; 

2i; 

22 ; 

23; 

24; 

25; 

26; 

27; 


wrt 

urt 

urt 

urt 

wrt 

urt 

wrt 

wrt 

for 

wrt 

wrt 

wrt 

urt 

for 

*ni 

StP 


0 

B. “ 

Biwrt SiMrt BSurt B, 

B.STfRESULTS OF SEAP DATA INTERPOLATED 
Blwrt B.Lt 

BiS»S." TAP » x/c Cp 

BiSf&'NUMBER • location UPP«r 

B.LI 

S«1 to 13 

B. l.S.XCS3iUCS3.LCS3.CCS3{wrt B. ' 

B.Lflwrt Blurt Biwrt B 
B»S*t."* Chanf* in pr*s$ur* co«ffici«nt 
B.StL" b«tw««n loupr and upc«r surface 
S>1 to 12iurt Blnext S 

"another file?".P*lif cap<P#>i"N“ 1 eto "PCL 


SINGLE ELEMENT AIRFOIL PROGRAM RESULTS" 
.AiDiwri B.3»Flwrt BSwrt B.Ltlwrt B 

TO PHASE I TAP LOCATIONS’ 

Cp chanee in’ 

lower Cp" 


e’lnext S 

represents the difference’ 
pressure coefficients* 


•13077 
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C.4 INTERPOLATED CHANGE IN C 


BY TAP LOCATION 
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KRHSRS UNIVERSITY FLIGHT RESERRCH LRB 
DELTR P PROJECT - PHRSE I 
SINGLE ELEMENT RIRFOIL PROGRRN RESULTS 


TRP NUMBER 1 FILE NUMBER 66 

TRP x/c LOCRTION 0.1 IS 


**********-ir******* ■^♦iir********-*****************#******** ******************** 


CHRNGE IN PRESSURE COEFFICIENT 
INTERPOLATED 


*************************************************************************** 
FLAP * RLPHfl-ANGLE OF ATTACK (decrees.) 

DEFLECTION* 0369 

*************************************************************************** 


0.0 * 

0.000 

0.854 

1 . 764 

0.000 


5.0 * 

0.352 

0.672 

1.033 

1.471 

* 

10.0 * 

1.282 

2.276 

3.242 

4. 155 

15.0 * 

1.978 

2.855 

3 . 77 4 

4.648 


* 


*************************************************************************** 


* Rsiuit. s of SERF data int€ rpolated to Phai-= I tap lo.cationi 

* Chan?*£ in coefficient represent s the difference 

b e t I..I e e n 1 o w e r and upper i u r f a c e p r e e i u r e c o e t f i c i e n t e 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER 2 FILE NUMBER 67 

TAP x/c LOCATION 0.171 


CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 


FLAP * ALPHA-ANGLE OF ATTACK (decrees:- 

DEFLECTION* 0369 

♦ ** ***-it***i!>-!^ *■►*♦**#* ♦*#*»***4****'it********«*#******i^*ie*********iif****#*#***^ 
* 

0.0 * 0.000 0.587 1.177 0.000 

* 

5.0 * 0.165 0.374 0.575 0.835 

* 

10.0 ♦ 0.812 1.478 2.119 2.709 

♦ 

15.0 * 1.204 1.816 2.411 2.978 

* 


♦**«•♦***♦♦+ ****^** ♦*#♦■»******♦*♦♦♦**#*♦**■»***♦***«•***■* **************«*****if 


* Results of SEAP data iriterPolat<=d to Phase I tap lacations 

* Change in pressure coefficient represents the dxfferei’ice 

between lower and upper surface pressure coef f ic lents 
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KFiNSflS UNIVERSITY FLIGHT RESEARCH LAB 


DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER 3 FILE NUMBER 68 

TAP x/c LOCATION 0.223 


*♦********##****#*»**********♦*****♦**♦**#**#*♦**♦***** -I- **#4*************** 

CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 

FLAP ♦ ALPHA-ANGLE OF ATTACK <de<9r€6s.) 

DEFLECTION* 0369 

********* ** ♦**^*^****#****#**#****iif*****^^^^#**** «•#*******#♦******* 


* 


0.0 * 

0.006 

0.431 

0.866 

0.000 

5.0 * 

0. 156 

0.245 

0.343 

0.501 

* 





10.0 * 

0.658 

1.098 

1.533 

1.954 

15.0 * 

0.914 

1.267 

1.623 

1.953 

* 






*************************************************************************** 


* Result « of SEAR data interf^'Clat-id to phaie I to.p lacationi 

* Charv?e in pressure coefficient represents the difference 

beti.ieen lower and upper surface pressure coefficients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER 4 

TAP x/c LOCATION 8.276 


FILE NUMBER 69 


#*******♦****«**#*****#*****#***#**#***#****#*************#***##******#**#* 

CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 


************** **iii**4*#******<»*#»***#****#***4******it*4********4*'!^#i^#*4**if** 

FLAP * ALPHA-ANGLE OF ATTACK (de<?rees> 

DEFLECTION* 8369 

*************************************************************************** 
* 

8 . 088 
0.402 
1.661 
1.873 


0.0 

* 

0. 000 

0.273 

0.561 


* 




5.0 

* 

* 

0. 147 

0.203 

0.273 

10.0 

* 

* 

0.585 

0.947 

1.308 

15.0 

* 

0.892 

1.225 

1.540 


*************************************************************************** 


* Result.! of SEAP data inte rpolated to r-ho.se I tap lac at ions 

* Chan?e in pressure coefficient represents the difference 
between lower and upper surface pressure coefficients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT » PHASE I 
SINGLE ELEmENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER 5 

TAP x/c LOCATION 0.328 


FILE NUMBER 70 




CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 


FLAP ALPHA-ANGLE OF ATTACK (df9r€€S> 

DEFLECTION* 0369 


* 


0.0 ♦ 

0. 000 

0.255 

0.527 

0.000 

5.0 ♦ 

0. 142 

0.154 

0. 180 

0.266 

10.0 ♦ 
A 

0. 563 

0. 364 

1.162 

1.461 

15.0 ♦ 

0.870 

1.183 

1.457 

1 . 795 


♦ ♦****♦****♦# *****'">44*###*#4********************4****iir*i^4**«^##*»<^***-»**i^*i(-» 


Reiults of SEAP data int erPt'lattd to Phc.it I t o.p locations 

Chan?e in Pressure coefficient represent: the difference 
between lower and upper surface pressure coefficients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUM3ER 6 FILE NUMBER 71 

TAP x/c LOCATION 0.380 




CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 


FLAP * ALPHA-ANGLE OF ATTACK < decrees > 

DEFLECTION* 0368 

♦ #***'^» 4 * + '*'****’* + **##** 44 ******************************************* *****■»•* 


* 


0.0 * 

0 . 008 

0.23? 

0.493 

0.000 

♦ 





5.0 * 

,V1 

0. 139 

0.099 

0.071 

0. 103 

10.0 * 

0.545 

0.783 

1 . 020 

1.264 

4 

15.0 * 

0.846 

1.111 

1.295 

1.635 


* 


♦ ♦♦##*■ 44 ** + 4 ♦^♦* 4 * 4****'*'**»****4 ♦♦#***#*♦*****♦***♦♦******♦*♦**♦* ********** 


* Rsiwlta Of' SEAP data interpolated to Phase I tap locations 

* Chon?e in Pressure coet tic lent represents the di tterence 
btti.teef^ l0'J«r and upper surface pressure coefficients 
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KRNSaS UN I VERS I TV FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER 7 FILE NUMBER 72 

TAP x'/c LOCATION 0.433 




CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 


FLAP * ALPHA-ANGLE OF ATTACK <de?re€-= ) 

DEFLECTION* 0369 


* 


0.0 

•it 

* 

0.000 

0. 145 

0.316 

0.000 

5.0 

* 

0. 140 

0.069 

0.012 

0.022 


* 





10.0 

* 

0.542 

0.751 

0.959 

1 . 1 r 6 


tt 





15.0 

* 

0.829 

1.001 

1.182 

1 . 349 


* 




* Rtiultc. of SEAP data iriterrolated to phas>= I tap lacations 

* Change iri Pfessufe cos-f f icifint f€P regents thf dl f f I renes' 
bs'tween lower and upper surface pressure coef f icients 
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KflNSftS UNIVERSITY FLIGHT RESERRCH LflB 
DELTfi P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER S 

TAP x/c LOCATION 6.485 


FILE HUMBER 73 




CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 


**^^*^**^*^^*ihi(**^*^*it ^**^***1e******iff*********^********^****^******‘!rif ****** 

FLAP * ALPHA-ANGLE OF ATTACK k'de^rees) 

DEFLECTION* 6369 

*************************************************************************** 


* 


6.6 


0. 060 

6. 127 

0.273 

0.000 

5.6 

X 

* 

* 

★ 

* 

6. 142 

6.661 

-0. 006 

-0.002 

16.6 

6.548 

6.747 

0.944 

1.152 

15.6 

6.841 

1 . 666 

1.180 

1.341 


* 


*************************************************************************** 


* Reiulti of SEAP data interpolated to Phase- I tap locations 

* Chan-?e in pressure coefficient represents the difference 
between lower and upper surface Pressure coefficients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER 9 FILE NUMBER 74 

TAP x/c LOCATION 0.53^ 




CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 

FLAP * flLPHfl-flNGLE OF ATTACK <de<3r6-e£.> 

DEFLECTIONS^ 0 3 6 9 

«• 

0.265 


0.0 * 

* 

5.0 * 

* 

10.0 ♦ 


0.000 
0. 144 
0.555 
0.853 


0. 124 
0.054 
0.743 
1.011 


-0.024 

0.929 

1.177 


0.000 

-0.026 

1.128 

1.334 


15.0 * 

* 


Reiult. s of SEAP data interpolattd to Pho.i€ I tap lacations 

Chan98 in pressure coefficient represents the difference 
between lower and upper surface pressure coefficients 
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KflNSfiS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER lO FILE HUMBER 75 

TAP x/c LOCATION 0.589 


************************************* * * * #*#****■*■*■*■* *******iir******#*-iii-*-i^* + 

CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 

***#****#******^*#*#*^t**********-r********-St**#*#****-J-* + -if ******************** 

FLAP * ALPHA-ANGLE OF ATTACK < decree s> 

DEFLECTION* 0389 

******'je***'****'******************#****************************************** 

* 


0.0 

* 

* 

* 

0.000 

0. 120 

0.257 

0.000 

5.0 

0. 147 

0.048 

-0.042 

-0.050 


* 





10.0 

* 

* 

0.581 

0.739 

0.914 

1.104 

15.0 

* 

0. 388 

1.018 

1. 175 

1.327 




* Results of SEAP data interpolated to phase I tap lacations 

* Chan'?e in Pressure coefficient represents the difference 

between lower and upper surface pressure coefficients. 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER 11 

TAP x/c LOCATION 0.€S8 


FILE HUMBER 76 


************************************** *****************************'iir* * * -if*i^**** 


CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 


FLAP * ALPHA-ANGLE OF ATTACK (decrees) 

DEFLECTION* 0369 

****************i«r***** ******* ********************************************** 


* 


0.0 

* 

0.000 

0. 1 15 

0.245 

0.000 

5.0 

■T 

* 

* 

0.226 

-0.030 

-0.261 

-0.298 

10.0 

* 

* 

0.839 

0.928 

1.014 

1.141 

15.0 

* 

1.318 

1.378 

1.459 

1 . 566 


* 


*************************************************************************** 


* Results of SEAP data interpolated to phase I tap lacations 

* Change in Pressure coefficient represents the difference- 

bet ween lower and upper surface pressure coefficients 
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER 12 

TAP >c/c LOCATION O.720 


FILE NUMBER 77 




CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 

FLAP * ALPHA-ANGLE OF ATTACK (decrees.) 

DEFLECTION* 0369 


* 


0.0 * 

0.000 

0.084 

0. 180 

0. 000 

♦ 





5.0 * 

X 

0. 107 

-0. 178 

-0.511 

-0.954 

X 

10.0 * 

0.482 

0.562 

0.640 

0.728 

15.0 * 

1.150 

1.185 

1 . 246 

1 . 323 


* 




* Results of SEAP date. int€ rPolo.ted to f.'has€ I tap lacations 

* Chanse in pressure coefficient represents the difference 
between lower and upper surface Pressure coefficients 
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KfiNSflS UNIVERSITY FLIGHT RESEARCH LAB 
DELTA P PROJECT - PHASE I 
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS 


TAP NUMBER 13 

TAP x/c LOCATION 0.766 


FILE NUMBER 78 


*************** *iif******************** ****1^**#* SiS *#******;•*# ******* **#*•1^**** 

CHANGE IN PRESSURE COEFFICIENT 
INTERPOLATED 


*************************************************************************** 
FLAP * ALPHA-ANGLE OF ATTACK <cie^r€€S> 

DEFLECTION* 0369 

*************************************************************************** 


* 


0.0 * 

0.000 

0.092 

0. 174 

0. 000 

5.0 * 

0.094 

-0.097 

-0.314 

-0. 568 

* 





10.0 * 

0.441 

0.519 

0.595 

0.681 

* 





15.0 * 

0.490 

0.527 

0.574 

0 . 629 


* 


*************************************************************************** 


* Re£.ult£ of SEAP data int, erpolated to phase i tap lacations 

* Change in pressure coefficient represents the differerice 
between lower and upper surface pressure coef f icients 


- U2 


1 

I 

I 


I 

I 

I 

1 

1 

I 

I 
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e< ‘SEAP DATA OUTPUTTING PROGRAM sotcific x^c TU*» 

I« dirt L«S03.P#C3J.Y#rS0].S#t5].T^C lOIWor S»1 to 75; SJIruxt SifAd 1 

21 dirt Br4f4]tP.S'r “♦$»!* •■‘T# 

3i frtt 3»i.f I2.2.2x;fnt 5.5x»'TAP NUMBER *if2.0.35v. “FILE NUMBER *.<3.0 
41 frtt 4 » r. 6x » f 5. 1 • 2x« “ * " » 2x1 frtt G»5x»“TAP x/c LOCATION "»fo.3 
51 T»*i*0"tT»*.* 3*S.T»t“ 6*5.T#«i" 9*+Y* 

6« "PCL'itnt 'FILE NUMBER? .FI if F>7S or F<66;^\o tO 
71 trk Ihdf FHdf F.BC*1.P.X 

8i "STR'iwrt 6.TltT48,Tlt," "ifor S»l to 3 iM»t gWx t S 

9« wrt oiTfi* KANSAS UNIVERSITY FLIGHT RESEARCH LAB-J-^rt S 

10» wrt S«T4iT<!i" DELTA P PROJECT - PHASE I* 

11< wrt € 

12: wrt 6.TIS.- SINGLE ELEMENT AIRFOIL PROGRAM RESULTS* 

13: wrt fiJwrt Si wrt Slwrt Si wrt S.5»P.Fiwri Si wrt S.S.N'iwrr Si wrt S.wrr S 
14: wrt Siwrt S'S-fvLRiwrt S 

15: wrt SiT»«.T41" CHANGE IN PRESSURE COEFFICIENT* 

IS: wrt S.T4iT4S.T«S," INTERPOLATED” 

17: wrt Siwrt SiSiuLR 

18: wrt S.* FLAP ♦ ALPHA-ANGLE OF ATTACK <.d#4f«4i)* 

19: wrt 6." DEFLECTION* *«Y* 

20: wrt Si SJSLfi wrt SiTRSc" ** 

21: for !■! to 4i < I-l )5*Ci wrt 6.4iC!for J«1 to 4 
22« wrt S.3iBC 1 1 J]in*xt Jlwrt Siwrt SiTRf *“ 

23: next I 

24: wrt SiSHLfiwrt Siwrt Siwrt Siwrt Siwrt Siwrt S 

25: wrt SiTtf^ Results of SEAP data interpolated to phase I tap locations” 
2S: wrt S 

27» wrt SiTtti** Chanee in pressure coefficient represents the difference* 
28: wrt SiTIt* between lower and upper surface pressure coefficients" 

29: for -'pl to IS 

38: wrt SInext S:*nt "ANOTHER FILE?".P»iif cap(Pt>»*Y"i eto 'PCL* 

31: end 
*822S 



C.5 GRAPHICAL OUTPUT— FIAP DEFLECTION_SgNSITIVITY 
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NOTEi THEORETICAL DATA IMTERPQLATEO TO SRCCIPIC TAP LOCATIONS 





















NOTEi THEORETICAL DATA INTERfOLATID TO SPECIFIC TAP LOCATIONS 
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NOTEi THEORETICAL DATA INTERPOUTED TO SPECIFIC TAP LOCATIONS 

















NOTEi THEORETICAL DATA INTERPOLATED TO SPECIFIC TAP LOCATIONS 



■ , V 



























NOTEi THEORETICAL DATA INTERPOUTED TO SPECIFIC TAP LOCATIONS 
























NOTEi THEORETICAL DATA INTERPO-ATED TO SPECIFIC TAP LOCATIONS 

























NOTEi THEORETICAL OATA INTERPOLATED TO SPECIFIC TAP LOCATIONS 
















































C.6 GRAPHICAL OUTPUT— ANGLE OF ATTACK SENSITIVITY 
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NOTEi THEORETICAL DATA INTERPOLATED TO SPECIFIC TAP LOC^TIONS 




































NQTCi THtDRETICAL DATA INTEKPOLATCD TO S^IFIC TAP LOCATIONS 
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C.7 NUMERICAL REGRESSION DATA 



UNIVERSITY OF KFINSAS 
CENTER FOR RESEfiRCH 

DELTA P PROJECT 
SEAP 


RESULTS OF LINEAR CURVE FITTING 


FILE NUMBER TAP NUMBER 1 

DELTA (flap def lect ion angle) uersus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha- 


^ * 

* alpha * 

* * 

* * 

* 0 # 

* 3 * 

* S * 

* 9 * 

* * 


SLOPE 


0. IS? 
0. 152 
0 . 1 b5 
0.313 


* * 
INTERCEPT * COEFFICIENT OF * 
* DETERMINATION * 


■ 0 . 127 
0.523 
1.213 
0.24? 


* 

• -!► * 
* 

* 

* 




0.9? 
0 . 34 
0.70 
0. Sb 


4 


ALPHA (angle of attack) VERSES CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT FLAP DEFLECTION 
ANGLES (delta) 


delta * SLOPE 
* 


INTERCEPT 4 
* 


COEFFICIENT OF 
DETERMINATION 



* 

0 * 

0. 294 

* 

-0.009 

it 

1.00 * 

% 

5 * 

0. 124 


0.324 


0 .99 * 


10 + 

0.319 

* 

1.301 

♦ 

1 . 00 * 


15 * 

0. 293 


1.974 


1.00 

^ ♦ 

* 


<4» ^ ^ 


ft 

it 
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UNIVERSITY OF KFINSFiS 
CENTER FOR RESEARCH 

DELTA P PROJECT 
SEAP 


RESULTS OF LINEAR CURVE FITTING 


FILE NLiriBER 67 TAP HUMBER 2 

DELTA (flap deflection anile) versus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 



i; ih 

* 

* 



* 


* alpha 

* 

SLOPE 

* 

INTERCEPT * COEFFICIENT OF 

* 


* 


* 

* DETERMINATION 

* 


* 


* 

♦ 

Sjif 


* 

* 


* 

♦ 

* 

* 0 

* 

0.085 

* 

-0.094 * 0.96 


3 

* 

0.096 

* 

0. 346 * 0.30 

♦ 

* 6 

* 

0. 105 

* 

0.784 * 0.64 

* 

* 9 

* 

0.214 

* 

0.031 * 0.84 

* 


* 


Si. 

* 

* 




ALPHA (anile of attack) VERSES CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT FLAP DEFLECTION 
ANGLES (delta) 


•P: ^ ^ ^ * 

* delta * SLOPE * INTERCEPT * COEFFICIENT OF * 


* * * * DETERMINATION * 

* ♦ ♦ * * 

Hr * * * * 

* 0 * 0.196 * -0.000 * 1.00 * 

* 5 ♦ 0.074 * 0.155 * 1.00 ♦ 

4 10 * 0.211 * 0.S30 * 1.00 # 

* 15 * ©.IS*' * 1.215 ♦ 1.00 * 

* * * * » 
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UNIVERSITY OF KRNSflS 
CENTER FOR RESEARCH 

DELTA P PROJECT 
SEAP 


RESULTS OF LINEAR CURVE FITTING 


FILE NUMBER 68 TAP NUMBER 3 

DELTA (flap deflection anele) Mersus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 


^ it ^ it 

* alpha ♦ SLOPE * INTERCEPT * COEFFICIENT OF * 

* * ♦ * DETERMINATION ♦ 

* * * * * 


4 4 4 4 4 



0 * 

0.065 

4 

-0. 054 

4 

0.96 



3 * 

0. 067 

4 

0.256 

4 

0.76 

4 

♦ 

6 

0.069 

4 

0.572 

4 

0.55 

4 


9 4 

0. 145 

4 

0. 01S 

4 

0.75 

4 


4 4 4 4 4 


ALPHA (an?le of attack) VERSES CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT FLAP DEFLECTION 
ANGLES (delta) 


44444444444444444444**444^4444444444'^4*i*--^*4r^4'*'»44'<r 


4 4 4 4 


^ delta 

4 

SLOPE 

4 

INTERCEPT 4 COEFFICIENT OF 

4 

•» 

4 


4 

4 DETERM It^ATI ON 

4 

4 

4 


4 

4 

4 

44****4****4*4i^4*44<i 

4 4 


4> 4 

4 

4 


4 

4 

4 

4 0 

4 

0. 144 

4 

-0.001 * 1.00 

4 

4 5 

4 

0 . 03S 

4 

0.141 4 O.'iHS 

4 

4 1 13 

4 

0. 144 

4 

0.662 4 1.00 

4 

* 15 

4 

0. 1 16 

4 

0.913 4 1.00 

4 

4 

4 


4 

4 

4 


4 4 


^ 4 
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UNIVERSITY OF KfiNSFiS 
CENTER FOR RESEftRCH 

DELTFI P PROJECT 
SEAP 


RESULTS OF LINEAR CURVE FITTING 


FILE NUMBER 69 TAP NUMBER 4 

DELTA (flap deflection an^le) versus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 





4 


■ft- 

4 

4 

4 alpha 

4 

SLOPE 

4 

INTERCEPT * 

COEFFICIENT OF * 

♦ 

4 


4 

4 

DETERMINATION ♦ 

♦ 

4 


4 

4 

4 

♦4444444444444444 

4444 



4 


4 

4 

4 

4 0 

4 

0.062 

4 

“0. 061 ♦ 

0.97 ♦ 

4 3 

4 

0.072 

4 

0.122 * 

0.S5 * 

4 6 

♦ 

0.079 

4 

0.325 4 

0.73 ♦ 

4 9 

4 

0. 147 

4 

-0.159 * 

0.S6 * 






ALPHA (an-9le of attack) VERSES CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT FLAP DEFLECTION 
Af^GLES (delta.) 




♦ * 4 ♦ * 

» delta * SLOPE ♦ INTERCEPT ♦ COEFFICIENT OF ♦ 

* * 4 4 DETERMINATION 4 

4 4 4 4 4 

44444444444444444444 »4444444*4*4*4444*-*4-*-*444*4444 




4 


4 


★ 


* 


0 

4 

0.094 

4 

-0.003 

K- 

1.00 



5 

4 

0.028 

4 

0.131 

♦ 

0. 96 • 

■ft- 


10 

4 

0. 120 

4 

0.5S7 

it 

1 . 00 

ft- 


15 

4 

0. 109 

4 

0.395 

it 

1 . 00 

■ft 



4 


4 




ft 


4 ** 444444444444444444444 '** 4444444 * 44 -*' 4 *» 4 *'<-**» 44 -*-^ 
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UNIVERSITY OF KftHSRS 
CENTER FOR RESEARCH 

DELTA P PROJECT 
SEAP 


RESULTS OF LINEAR CURVE FITTING 


FILE NUMBER 70 TAP NUMBER 5 

DELTA (flap dtfltction an?l€> •s'ersus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 




* * * * * 

* alpha * SLOPE * INTERCEPT COEFFICIENT OF ♦ 

* ♦ * * DETERMINATION * 


•ir * * ♦ 


♦ * ♦ 


♦ 

0 * 

0.0S1 

4 

-0. 0S1 

4 

0. 9? 



3 ♦ 

0.070 

4 

0. 090 

4 

0.34 


♦ 

6 ♦ 

0.075 

4 

0. 2SS 

4 

0. 70 



9 * 

0. 153 

4 

-0. 35o 

4 

0. 90 

★ 


4 


4 


4 






ALPHA (an^le of attack':' VERSES CHANGE IN 


PRESSURE COEFFICIENT AT DIFFERENT FLAP DEFLECTION 
ANGLES '^delta) 


* INTERCEPT * COEFFICIENT OF 

* » DETEPMINMTIOi! 


* d€ 


Ita » SLOPE 


* * * 4 

♦ * 4 





0 

4 

0.038 

4 

“0.003 

4 

1 . 00 

4 

♦ 

5 

4 

0.013 

4 

0. 125 

4 

0. 84 

♦ 


10 

♦ 

0. 100 

4 

0.5t*4 

4 

1 . 00 

4 

♦ 

15 


0. 102 

# 

0.8*59 

4 

1 . 00 


♦ ^ 


it 

it 

^ ♦ 4 » 


4 


4 

♦ 
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UNIVERSITY OF KRNSRS 
CENTER FOR RESERRCH 

DELTR P PROJECT 
SERP 


RESUL'^S OF LINERR C'lRVE FITTIHC 


FILE NUMBER 71 TAP NUMBER E 

DELTR (flap deflection arv9le> oersus CHANGE IN 
PRESSURE COEFFICIENT RT DIFFERENT ANGLES 
RilGLES OF ATTACK (alpha) 


***■*• •*• 

* alpha * SLOPE * INTERCEPT * COEFFICIENT OF * 

* * * * DETERMINATION * 

* * * * * 


0 


0.055 

* ■»■ 
* -0.055 if 

0.57 


•5 

■J 

* 

0. 0E6 

^ 0.061 * 

0. S2 


6 


0. 067 

* 0.216 * 

0.63 


q 

TT 

0. 153 

* -0.525 * 

0.52 

* 


* 








ALPHA (an-gle of attack) VERSES CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT FLAP DEFLECTION 
ANGLES (delta) 


^ ^ ^ ^ ^ irf ; ^ 


* * ^ -fr ■ 

* 




* d 

elta 

* 

SLOPE 


INTERCEPT 


COEFFICIENT OF 







ih 

DETERMINATION * 





•fr 


* 


■*■-¥- 4- 


if**#** 


ir 


* 

* 



* 

■fr 

0 


0.082 

* 

-0. 003 


1 . 00 ^ 


5 

* 

-0.004 

* 

0. 122 

* 

0.31 * 


10 

■*• 

0,080 


0 . 544 

•** 

1 . 00 * 


15 


0.085 


0. S40 

* 

0.55 if 
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UNIVERSITY OF KANSAS 
CENTER FOR RESEARCH 

DELTA P PROJECT 
SEAP 


RESULTS OF LINEAR CURVE FITTING 


FILE NUMBER 72 TAP NUMBER 7 

DELTA <flcip deflection ari9le) versus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 


***************** ****'!^'*********i^*'!^# *■*■■*■ ***iir^**** + 
* * * * * 

* alpha * SLOPE ♦ INTERCEPT * COEFFICIENT OF * 

* * * DETERMINATION * 

* * * * * 

*************************************'***'^********* 
* * * * * 


* 0 

* 

0.05S 

* ~0. 05b 

* 

0.97 

* 3 

* 

0.065 

* 0.004 

* 

0.84 

* b 

* 

0.071 

* 0.0S5 

* 

0.70 

* 9 

* 

0. 133 

* -0.478 

* 

0.85 

* 

* 


*^ 

* 



************************************************** 


ALPHA (an-9le of attack) VERS'"S CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT FLAP DEFLECTION 
ANGLES (delta) 


* * * * * 

* delta * SLOPE * INTERCEPT * COEFFICIENT OF * 

* * * * DETERMINATION * 

* * * * * 

* * * * * 



0 * 

0.053 

* -0.004 


1 . 00 


* 

5 ♦ 

-0.014 

* 0.122 


0.83 



10 * 

0.070 

* 0.540 


1 . 00 

★ 


15 * 

0.058 

* 0.829 


1 . 00 



* 


* 



♦ 


******************************************-•-******* 
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UNIVERSITY OF KANSAS 
CENTER FOR RESEARCH 


DELTA P PROJECT 
SEAR 


RESULTS OF LINEAR CURVE FITTING 


FILE NUMBER ?3 TAP NUMBER 8 

DELTA (flap deflection an-?le) versus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 




* * * 


* alpha * 
S’ s 

S’ s 

SLOPE 

* 

s 

INTERCEPT 

s COEFFICIENT OF s 
s DETERMINATION s 


■*■"*■*** 

S S S’ 

S’ 0 s 

0.058 

s 

-0.057 

s 0.87 s 

s 3 s 

0. 066 

s 

-0.013 

s 0.85 s 

s 6 s 

0.073 


0.047 

s 0.73 s 

s 8 s 

0. 134 

s 

-0.513 

s 0.85 s 


■ilf # # ■i' ■S’ 




ALPHA (angle of attack) VERSES CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT FLAP DEFLECTION 
ANGLES (delta) 


■S -S ■S’ ’S 

* delta + SLOPE + INTERCEPT * COEFFICIENT OF 

#4 * * DETERMINATION 

# -S * S’ 

•S’SS’SSS-S 


sssssssssss 
★ ^ 

***s..s 

s s 

* 0 

s 

0. 046 

s - 1 : 

3.003 

s 

1 . 00 

s 5 

s 

-0.017 

s (. 

:i. 124 

s 

0. 36 

S 10 

•i^ 

0.067 

S i 

3.547 

s 

1 . 00 

s 15 


0.056 

s 

3.841 

S’ 

1 . 00 


S’ * s s 

SSSSSSSSSSS’S'SSSSSSSSSSSSSSSSSSSSSSSSSSSSS’: 


UNIVERSITY OF KflNSFiS 
CENTER FOR RESERRCH 

DELTA P PROJECT 
SEflP 


RESULTS OF LINEAR CURVE FITTING 


FILE NUMBER ?4 TAP NUMBER 9 

DELTA (flap deflection angle) oensus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 



* alpha * 

SLOPE 

X 

* 

INTERCEPT 

X X 

* COEFFICIENT OF * 

* # 


■fr 


* DETERMINATION * 

♦ * 


* 


* * 



■it ^ 


* 


* ^ 

* 0 * 

0.059 

♦ 

-0.057 

* 0.97 * 

* 3 * 

0.067 


-0. 020 

* 0.85 * 

^ s ^ 

0.074 

■it 

0.034 

* 0.72 * 

* 9 * 

* * 

0. 136 


-0.54S 

* 0.86 * 
# * 


-►■♦•jr****-iir'Jp**^f''!<''»'******** ***##*# i^-******r«r****'#'-if* + **** 


ALPHA (angle of attack) 
PRESSURE COEFFICIENT AT 
ANGLES (delta) 


VERSES CHANGE IN 
DIFFERENT FLAP DEFLECTION 


■itx 







* 

ih 


it 

delta 


SLOPE 


INTERCEPT ^ COEFFICIENT OF 




* 


* 

* DETERMINATION 


it 




s- 

■s 

s- 

^ ^ ^ 


■S' * 







■S' 

■s 


it 

0 


0.044 


-0.003 * 1.00 



5 

a 

-0. 020 

a 

0 .125 * 0 . 89 



10 

■*• 

0. 064 


0.553 * 1.00 

ilh 

a 

13 


0. 0C4 

■s 

0.853 * 1.00 








a 
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UNIVERSITY OF KANSAS 
CENTER FOR RESEARCH 

DELTA P PROJECT 
SEAP 


RESULTS OF LINEAR CURVE FITTING 


FILE NUMBER 75 TAP NUMBER 10 

DELTA (flap deflection arrsle) oersus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 


* alpha * SLOPE * INTERCEPT « COEFFICIENT OF * 

* * * * DETERMINATION * 

■ 5 ^ # # # 




# 

* 


0 # 
3 * 

6 * 
9 # 

* 


0. 060 
0.06S 
0.074 
0. 13 


■:!S 


* 

* 

* 

» 


-0.05S 
-0.027 
0 . 020 
-0.583 


* 

* 

* 

* 

* 


0.97 
0. 85 
0.72 
0.87 


* 

* 




ALPHA (an-gle of attack) VERSES CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT FLAP DEFLECTION 
ANGLES (delta) 



* * 


* 

* 

if 

* delta * 

SLOPE 

* 

INTERCEPT * 

COEFFICIENT OF * 

* * 


* 

* 

DETERMINATION * 

* * 



it 

if 


* * 


* 

* 

if 

* 0 * 

0.043 


-0.003 * 

1 . 00 * 

# 5 * 

-0.023 

* 

0.127 * 

0.91 * 

* 10 * 

0. 060 


0.559 ^ 

1 . 00 * 

* 15 * 

0.051 

* 

0 .865 * 

1 . 00 * 

■fr ■*• 



if 

if 
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UNIVERSITY OF KflNSRS 
CENTER FOR RESEARCH 

DELTA P PROJECT 
SEAP 


RESULTS OF LINEAR CURVE FITTING 


FILE NUMBER 76 TAP NUMBER 11 

DELTA (flap deflection an?le> versus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 


♦•*•■*•* ^ 
*■ alpha * SLOPE * INTERCEPT * COEFFICIENT OF * 

* * * * DETERMINATION * 

* * * * * 


* 


* 


* 

■#■ 



* 

0 

* 

0.091 

* -0.039 


0.97 

* 


3 

* 

0.095 

* -0.115 

* 

0. 34 

* 


6 

*■ 

0.093 

* -0.123 

* 

0 . 63 

■S' 


9 

* 

* 

0 . 186 

* -1.060 
* 

* 

* 

0.91 

* 




ALPHA wangle of attack) 
PRESSURE COEFFICIENT AT 
ANGLES (delta) 


VERSES CHANGE IN 
DIFFERENT FLAP DEFLECTION 




4 

•4 

delta SLOPE 


INTERCEPT * 

COEFFICIENT OF ^ 

* 

■*■ 


DETERMINATION ^ 

* 

4 






0 

5 

10 

15 


* 

* 

iir 


0. 041 
- 0. 060 
0.033 
0. 027 


* 

* 

* 


•0. 003 
0. 1S0 
0,331 
1 . 306 




1 . 00 
0.92 
0 . 99 
0 . 93 
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UNIVERSITY OF KfiNSRS 
CENTER FOR RESEftRCH 

DELTR P PROJECT 
SERP 


RESULTS OF LI HERR CURVE FITTING 


FILE NUMBER 77 TRP NUMBER 12 

DELTR (flap deflection an-gle) ^Jersus CHRNGE IN 
PRESSURE COEFFICIENT RT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 


*****-l!-****** ******** ****************'it-**#***ir**'#--<ir** 
* * * * * 

* alpha * SLOPE * INTERCEPT * COEFFICIENT OF * 

* * * * DETERMINATION * 

* * * * * 

************************************************** 


* 

* 

* 

* 

* 

* 


e 

3 

6 

Q 


* 

* 

* 

* 

* 

* 


0.076 

0.0S1 

0.087 

0.223 


* 

* 

* 

* 

* 

* 


-0 . 1 39 
-0. 193 
” 0 . 264 
-1.911 


* 

* 

* 

* 

* 

* 


0.90 

0.76 

0.57 

0.93 


* 

* 


************************************************** 


ALPHA (an^le of attack) VERSES CHANGE IN 
PRESSURE COEFFICIENT RT DIFFERENT FLAP DEFLECTION 
ANGLES (delta) 


**** <(■********************************************* 


4 

* 


* 




* delta 

* 

SLOPE 

* 

INTERCEPT * 

COEFFICIENT OF 


* 

* 


* 


DETERMINATION 


* 

* 


* 

* 


* 



* 


* 




* 0 

* 

0.030 

* 

-0.002 * 

1 . 00 


* 5 

* 

-0.117 

* 

0.143 * 

0 . 99 


* 10 

* 

0.027 

* 

0.4S0 * 

1 . 00 


* 15 

* 

0.019 

♦ 

1.139 * 

0.97 



* * * * 
*******:<!•***** *************************** + *ir- 
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UNIVERSITY OF KftNSflS 
CENTER FOR RESEARCH 

DELTA P PROJECT 
SEAP 


RESULTS OF LINEAR CURVE FITTING 


FILE NUMBER 78 TAP NUMBER 13 

DELTA (flap deflection an«ile> Mersus CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT ANGLES 
ANGLES OF ATTACK (alpha) 




* 


* 

* 


* alpha * 

SLOPE 

♦ 

INTERCEPT * 

COEFFICIENT OF * 



* 

* 

determination * 

* * 


* 





# * 


* 

* 

•* 

0 * 

0.038 


-0.016 * 

0.91 ^ 

* 3 * 

0. 039 


-0.035 ♦ 

0.64 * 

+ S ^ 

0.042 


-0.059 * 

0.41 r 

* 9 * 

0. 120 

* 

-0.949 * 

0.72 * 

* * 



if 

•if 




ALPHA (an^le of attacf :' VERSES CHANGE IN 
PRESSURE COEFFICIENT AT DIFFERENT FLAP DEFLECTION 
ANGLES (delta) 


* 

delta * SLOPE 
♦ * 


INTERCEPT ^ COEFFICIENT OF 
* DETERMINATION 


APPENDIX D 


THEORETICAL FREQUENCY ANALYSIS DATA 
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D.l LOW DYNAMIC PRESSURE 


********4**«4<H»#*4**<f***«***4*4'*'» + **'*'**»***i-*^*-***4***** 

' DELTft P FPE'^UEHCY ANALYSIS PCI 


INPUT DATA 


Win< Ariia ■D[303»ftT2) 

174. 0000000 

W*i^ht ‘Dtri]* 

lb> 

2S45. 0000000 

Win^ Span ‘DC 7 

2 1, ft .■) 


35. SOOOOOO 

MAC •.DC731*ft> 



4 . 3000000 

Airjp««d ».D[ 74 ]> ft ■ i> 


*0. '^oooooo 

Dfniiiv ^DC75j 

• il'Jfl f tt3> 


0.0020500 

An^le of attack «;DC7S]»rad> 


0. 0000000 

Thtta initial 

<DC 77 ]> rad > 


0. 0000000 

I * b • DC SI ]* »lu»*-f t r2) 

134e". 0000000 

CLl -DCS?]) 



0. 3100000 

CDl •DCSfe]"' 



0. 03 1 0000 

C.YTI vDCS7]) 



0. 0 310000 

CMl -DCSS]> 



0. 0000000 

CMT: 'DCS'?]) 



0. 0000000 

HonUi iM« ni lonal 

den '.'at ivei 

Dii-ieni lona 1 d«rl"ati 


LONGITUDINAL 

DEFIVATIvES 


CDU ‘ DC 1 I"' 

0.0000 

::u '1 i ^ 

-0.0122 

c::tu 'DC2]> 

-O.0S3O 

iau • 1 i » 

-0. OOSl 

CDA ' DC3IJ 

0.1300 

:^A < 1 1 i T2 • 

3.22S7 

CDDE •DC4]> 

O.OSOO 

XDE 'ft st2 

-1.075S 

CLU ^DCS1> 

0.0000 

ZU •- 1 i > 

-0.1223 

CLA ■ DC7]> 

4. bOOO 

Zh 'ft if2) 

-33.0147 

CLAD 'DCS]> 

1.7000 

ZAD ‘ft.») 

-0.3214 

CLu '.Dt?]> 

3.S000 

ZQ -ft s ) 

-1.3343 

CLDE 'DC10]> 

0.4300 

ZDE '.tt.-itZ 

t -7.7031 

Cnu ' DC12]' 

0.0000 

MU ■ 1 ' t ti 

0.0000 

CMTm .DC13 3) 

0.0000 

MTU ■ I f t * ^ 

0.0000 

•4]) 

-0.SSOO 

MA • ! 'Jt2> 

-4.7747 

;5]> 

0.0000 

MTA < l it2.' 

0.0000 

w 1 6 ] ■' 

-5.2000 

MAD • 1 i • 

-0. 751'? 

CMC' .Dtl7]> 

-12.4000 

MO • 1 £ 

-1. 7930 

CMDE *d:i3]> 

-1.2300 

MDE <1 i-fZ' 

-2 , sss? 
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****###****#***##***##*#****»**#*# 4 »»*#******#**#**#*#.**## 4 * 

DELTA P FREOUEMCY ANALYSIS FCl 

•«****«***«««»»*«**««****« 4 **«**«**«**«*«******« 4 ««*«*«****» 

transfer function polynomial coefficients 

THE coefficients OF THE LONGITUDINAL CHARACTERISTIC EQUATION ARE« 
A> 91.72136 B> 316.08207 C- 580.02367 

D> 14.18981 E> 18.78287 

THE COEFFICIENTS OF THE NUMERATOR U(S> ARE* 

0.00000 AU- -98.65111 6U- -363.02499 

CU- 17443.94743 DU- 17156.83612 

THE COEFFICIENTS OF THE NUMERATOR ALPHA(S) APE* 

0.00000 AA- -7.70812 BA- -625.09400 

CA- -11.22826 DA- -27.01314 

THE COEFFICIENTS OF THE NUMERATOR THETA'^SJ ARE* 

0.00000 0.00000 AT-> -624.04734 

BT- -544.79548 CT- -13.11681 

STANDARD FORMAT FOR LONGITUDINAL TRANSFER ; UNCTIONS- 


U(S)/'DELTA-E(S) COEFFICIENTS ARE* 


KUDE 

913.44451 

TUI 

1.03184 

TU2 

0. 06748 

TU3 

-0.08258 

OMN SP 

2.50357 

2T SP 

0.68689 

OMN P 

0. 13075 

2T P 

0.01869 

ALRHA<S)-DELTA- 

-£<S) COEFFICIENTS 

kALPHADE 

-1.43320 

TALPHAl 

0.01233 

OMN ALPHA 

0.20790 

ZT ALPHA 

0.04193 

OMN SP 

2.50357 

ZT SP 

0.68689 

OMN P 

0. 18075 

ZT P 

0.01869 

THETAvS)/DELTA- 

ECS) COEFFICIENTS 

kTHETADE 

-0.69835 

TTHETAl 

40.35522 

TTHETA2 

1.17893 

OMN SP 

2.50357 

ZT SP 

0.68689 

OMN P 

0. 13075 

ZT P 

0.01869 


' / 
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D.1.1 WITH PRESSURE SENSOR (PRESSURE COMMAND) 


DELTA P FPEOUEtfCV AUHLYili Fa 


«0'i' coef.-icieht: 

l.OOOE 01 5.000E 

DO'i’ COEFFICIENTS 
1 . OOOE 00 t . 500E 
Nl'S' COEFFICIENTS 
-:-..j-»OE 02 7.44SE 

Dl'S' COEFFICIENTS 
S. irOE 01 ?, ISlE 

N2'S' COEFFICIENTS 
l.OOOE 00 

D2'S) COEFFICIENTS 
l.OOOE CO 


01 




01 

r. OOOE 

01 


02 

1. 210E 

01 


02 

S.SoOE 

02 

1.420E 01 


l.MOE Ol 


NCOINC 1 3DC2> 


'-.240E 

V 5 « fi- T- £ 

04 2.727E 

04 

E.550E 02 



NCO INC 1 IMC2 > 






►.240E 

os S.EE5E 

04 2.7:7£ 

04 

C.550E 02 




F-: 0 1 

I i-io ^ 1 no r / 



c.:o i 

I .,,1 a i .... . 

FOOT NO. J 

-0.025 

0.000 


ROOT NO. 2 

" ^ , 000 

0 . *1* •.* 

FOOT NOi. 1 

-0. S4S 

0.000 





0. 000 







DC 0 IDC ; IDC 2 ]♦> NC 0 INC 1 ]NC2I« 





0. roE 

01 l.t?2E 

OS 1.174E 

04 

3.024E 04 

4,.;'2;e 04 

l.-'-E • 

1. ; ICE 

0 2 







F-:ol 

Ii'iO «iiriO f ■ 



a.’ i 

■ r 

FOOT r)0. C 

-r. ''Ori 

-3.703 


ROOT NO. 5 

. 500 

*. . * *.■ : 

FOOT NO. 4 

-i.::o 

-1.213 


ROOT NO. 3 

- .‘1 . i't fc'i 

- 1*1 , \ 

FOOT NO. 2 

-1.720 

1.213 


ROOT NO. 1 

- 0. 00 3 

1 

0.200 







DC 0 IDC 1 IDC 2 34KNC o INC 1 INt 2 3« 





9. !'0E 

01 l.E?2£ 

03 1.174E 

04 

3.20 4E 04 

4 . 21 EE 04 

E.750E 

1. 447E 

02 







Rtdl 

Irtaiincirv 



Ff-> 1 

In'3 fjrcjr ( 

"OOT NO. E 

- 7.445 

-3.553 


ROOT NO. 5 

- 7.435 

3.553 

FOOT NO. 4 

- 1 . EES 

-2.043 


ROOT t'O. 3 

•O’* . 

-0. I'O 

FOOT NO. 2 

- 1 . EES 

2.043 


ROOT NO. 1 

- 0 . oEE 

0. 170 

0.500 







DC 0 IDC 1 IDC2I»KNC0INC 1 INC 2 I« 




• 

■?. 170E 

01 l.E?2E 

03 1.174E 

04 

3. 33EE 04 

5. MEE 04 

1.43EE 0 

I.C44E 

OS 







Rea i 

Iiioi * ino f > 



C * 1 

T , 1 » i no r / 

FOOT NO. 6 

* 7 . 4 t 

-3.314 


ROOT NO. 5 

-7.4^7 

2. : 14 

FOOT NO. 4 

-1.523 

-2 . 374 


FOOT NO. 3 

- . \ 1 

- 0 . 1 IE 

FOOT NO. 2 

- 1 . 533 

2.374 


ROOT NO. 1 

” *. * 4 • .■* 

0. 1 1 E 

0 . soo 







DC 0 IDC 1 IDC 2 NC 0 INC 1 INC 2 1= 





■4. iroE 

01 l.E?2E 

03 1.174E 

04 

3.522E 04 

■“ 1 ■ r * 

. . ; 1 7E 0 

1 . c40E 








R«o 1 

I i io » 1 no f . 




^ •Iti-yt 

FOOT NO. E 

- 7.512 

* Or.:-. 


foot Nu. 5 



FOOT NO. 4 

-1.520 

- 2 . t. ^ 2 


foot tiu. -• 



FOOT (to. 2 

-1.520 

2.E42 


FOOT NO. 1 
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1 

r. 1.000 







1 u 0 me 1 mi[ : mc o ]nc i ]tic ^ > 





" -.iroE 

01 l.ft?2E 

03 1.1 74E 

04 

3. 702 E 04 

7. .;:4 

^ C *'• * 

1. ?:iE 

02 







R<.>1 

1 1 '*!.! * 1 rii5 r . 



- 1 ■' 1 

\ ^ ' f 

1 POO 7 MO. I!* 

-7. *23 

-2 . 902 


ROOT MO. 5 



■ POO 7 MO. 4 

-7.’ 523 

2.902 


ROOT Mij. ■' 

. 0 f**.’ 


* POO 7 MO. ; 

-1.47ft 

2.394 


ROOT MO. 1 

■ . ! 4 1 

.1 , 

m t • 2.00'0 







■ i>[ 0 ]i<e i ]i'[ .1 ]»KMC 0 ]M[ 1 jfii: 2 :• 





O. I70E 

01 l.ft?2E 

03 1. 1 74E 

04 

4. ^42’E 04 

1. 14 IE 05 

r-.-'v.E - 


02 






■ 

P4'J 1 

Iii>j«jnor ■ 



Rta 1 

Jiv' • 1 ■ ■■ f 

■ P007 f40, ft 

-1.252 

-2, 734 


ROOT MO. 5 

-7.ftri 

^ ; 1 

■ POO 7 MO. 4 

■7.ft7l 

-.3.031 


ROOT MO. 3 

-0.052 


POO 7 t40, 2 

-’ .253 

3.734 


ROOT MO. 1 

-0.547 

»> , 

1 R- 3.000 







1 Dtomc 1 ]DC2>KMC0INC 1 M2]> 





9. 170E 

O’ 1.692E 

03 1.174E 

04 

. 2 4ftE 04 

1.502E 05 

229E 04 

■ 3.231E 

03 






1 

R««l 

loafinoiry 



R«a 1 

hiO f in.i r ^ 

■ ROOT NO. € 

-1.021 

-4.491 


ROOT MO. 5 

-7.265 

0.902 

P007 NO. 4 

-7.Sft5 

-0.902 


ROOT MO. 3 

-0.042 

“0. 000 

ROOT NO. 2 

-1.021 

4.491 


ROOT MO. 1 

-0.622 

0. 000 

1 K- 4.000 







■ DC 0 3DC 1 3DC 2 J^KNt 0 3MC 1 3MC 2 1- 





- 9.170E 

01 1.692E 

03 I.174E 

04 

5.520E 04 

1.S74E 05 

1.1 02E 05 

I 3.93<»E 

03 






1 

Rf al 

IrtOf ir.arv 



P«al 

Ilia f ina r • 

ROOT NO. fe 

-0.797 

-5. 067 


ROOT MO. 5 

-9. 423 

0.000 

ROOT NO. 4 

-ft. 712 

0.000 


ROOT MO. 3 

-6.022 

-0. 000 

■ ROOT NO. 2 

-0.797 

5.067 


ROOT HO. 1 

-0. tSO 

0. 000 

1 Km 5.000 







DC 0 JDC 1 3DC 2 ]*PMC 0 3MC 1 3MC 2 > 





1 9.170E 

01 1.692E 

03 1. 174E 

04 

6.204E 04 

2.241E 05 

1.221E 05 

1 4.591E 

03 






■ 

R«<3 1 

Iiiaftjriar r- 



R*a! 

Ina Pina r 

ROOT MO. ft 

-0.539 

-5.551 


ROOT MO, 5 

-10.220 

0. 000 

_ ROOT MO. 4 

-6.244 

-0.000 


ROOT MO. 2 

-0.025 

-0. 000 

■ ROOT NO. 2 

-0.539 

5.551 


ROOT MO. 1 

-0. 710 

0.000 

• <• 6.000 







DC0 3DC 1 mC2 3*kMr0 3MC 1 3NC2 3« 





1 9. 170E 

01 1.692E 

03 1.1 74E 

04 

ft . 04 

2.607E 05 

1.655E 05 

1 5.24-E 

03 







Real 

I rtO Pinery 



R«al 

I iio p 1 na r . 

ROOT MO. ft 

-0.39ft 

-5.971 


ROOT MO. 5 

-10. 90 1 

0.000 

■ ROOT MO. 4 

-5.939 

0.000 


ROOT MO. 3 

-0 . 0 2 2 

0. 000 

1 P'OuT MO. « 

-0. 39ft 

5.971 


ROOT MO. 1 

-0. 722 

-0.000 

K» 7.000 







DC 0 3DC 1 ]DC 2 J*PMC 0 ]MC 1 ]MC 2 ]» 





1 «. 170E 

01 1.692E 

02 1.174E 

04 

7.452E 04 

2. *'4E 05 

1.92*E 05 

■ 5.901E 

03 







R*'j i 

Ilia « I ra r ■ 



R«al 

InO Pina f ■ 

^ ROOT [)0. ft 

-0.213 

-6 . >4 4 


ROOT NO. 5 

-11. 4>3 : 

- >} . >3 0* O' 

■ ROOT MO. 4 

•'5.22 5 

-0. i-oO 


ROOT MO. ;■ 

- ij . \\ '■ 2 

0. 00"3 

1 ROOT f'O. 2 

-0.213 

6. 344 


ROOT NO. 1 

-0. 747 

0 . 

K« 5. Olio 







• Dcomicn: 

■C2]-t't;C0]MC 1 :mC2 3* 





1 9.1 70E 

‘.'1 l.ft?2E 

02 1.174P 

04 

2.076E 04 

;. : lOE 05 

2.202E O’ 5 


0 3 






i 

P«U 

1 ria » 1 r. 1 r ■ 



Rial 

I r.a » 1 1 ..’ r 

• ROOT t)0 . ’■ 

-0, 05' 

-6.6~? 


ROOT NO. 5 

-M . ':45 

O' , 

1 ROOT iiO. 4 

■ *. ' .’'ft 

0 . 000 


r'jOT f*0. I 

- . -a ; 1 

•• *'} » 0 0 

• RijO'7 Mij . 2 

- M “ 

6.67* 


P'lOT : 

7*’. •* 


! 
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7.000 

DC 0 3DC I 3DC 2 3*hMC 0 3HC J 3MC 2 


«.170E 01 
S.-S'OIE 03 

ROOT MO. & 
ROOT NO. 4 
ROOT MO. 2 


l.to?2E 03 1. 1 74E 04 7.4?2E 04 0? 


Rtoil 
-0.213 
-5.323 
-0,213 


liia^lnar' 

-E.344 

- 0.000 

5.344 


ROOT HO. 5 
ROOT MO. 3 
ROOT MO. 1 


1 

-II .4.V? 

- 0.022 

-0. 747 


: . *2 

I ’ •ItiCt 
* 00*? 

0 - 000 
C. OOO 


8.000 

DC 0 ]DC 1 ]DC 2 l^KMC 0 3NC 1 3NC 2 ]• 


3.170E 01 
5.5S5E 03 

ROOT MO. 5 
ROOT HO. 4 
ROOT HO. 2 


1.692E 03 1.1 74E 04 3.07&E 04 3. 24vE 05 2.202E 


R^cil 
-0.053 
-5.705 
-0.053 


Imaginary 
-5.579 
0. ‘00 
5.579 


ROOT NO. 5 
ROOT MO. 3 
ROOT HO. 1 


P«.Jl 

-11.345 

-0.031 

-0.75? 


lif> t jri'.'r 
0 4 oOO 
“0 . O*.’0 
- 0.000 


9. 00k'' 

DC 0 ]DC I m 2 J-k’KMC 0 ]MC t ]MC 2 ]*• 


9. 170E 01 
7.211E 03 

ROOT MO. 5 
ROOT MO. 4 
ROOT MO. 2 


1.592E 03 1.174E 04 S.'OOE 04 3. 707E 05 2.47-;£ 


RC’il 
0.102 
-0.031 
-5.513 


Inatinctry 
-5. ?86 
0.000 
0.000 


10.000 

DCOIDC 1 ]DC2 3yKMC0 3MC 1 3MC2 3* 


9. 170E 01 
7.355E 03 

ROOT MO. 5 
ROOT MO. 4 
ROOT MO. 2 


Rtol 
0.247 
-0.030 
-5.550 


Ina »inarv 

-•'.250 

0.000 

- 0.000 


ROOT MO. 5 
ROOT MO. 3 
ROOT MO. 1 


1.5'?2E 03 1. 174E 04 9. 


ROOT MO, 5 
ROOT HO. 3 
ROOT MO. 1 


R«o 1 
■12.233 
0 . 102 
-0. 753 


I I'l'l * I fiO >■ 
-0. ijOkj 
€ • ?• • •? 
-0. 0'OO 


4.07^E 05 2.750E 


P<.3l 
-12.534 
0.247 
- 0 . 775 


Iii'.k fif.'.’r 
- 0.000 
7.253 
- 0. 000 
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D.1.2 WITHOUT PRESSURE SENSOR_JPQSITION_CroMAND) 

«****•****«*«»*«•««*»*•*«***«»•»«««•*«««««****«*«***«* 

DELTA P THEORETICAL ANALYSIS 
«***««*«*«««*«'»«*»**»««*«*«•»««««**«»*«**«««*««««*«*««» 


N0<S) COEFFICIENTS 
1.0OOE 01 

DO<S> COEFFICIENTS 
1.OO0E 00 i.eeoE oi 
NKS) COEFFICIENTS 
S.240E 02 S.448E 02 

DKS> COEFFICIENTS 
9.170E 01 3. ISIE 02 

N2<S) COEFFICIENTS 
i.eooE oe 

D2(S) COEFFICIENTS 
i.eeoE 00 


1.310E 01 
5.300E 02 


1.420E 01 1.S30E 01 


HtOMl]OC2> 


6.240E 

03 5.44SE 

03 1.310E 

02 




NC 0 INI 1 INC 2 ]« 






S.240E 

03 5.448E 

03 1.310E 

02 



Irtaeinary 


Real 

I na^ inary 



Real 

ROOT NO. 2 

-0.025 

0.000 


ROOT NO. 1 

-0.343 

0. 000 

K» 0.000 







DC 0 IOC 1 IOC 2 I^KNC 0 INC 1 INC 2 > 





9. 170E 

01 1.233E 

03 3.741E 

03 

5.314E 03 

1.S03E, 02 

1.330E 02 


Real 

Ina^inary 



Real 

Irtaeinary 

ROOT NO. 5 

-1.720 

-1.819 


ROOT 410. 4 

-10.000 

-0.000 

ROOT HO. 3 

-0.003 

-0. 181 


ROOT NO. 2 

-1.720 

1.319 

ROOT MO. 1 

-0.003 

0. 181 





K* 0.200 







DC 0 IDC 1 IDC 2 I>KNC 0 INC 1 INC 2 1> 





9. 170E 

01 1.233E 

03 3.741E 

03 

7.062E 03 

1.250E 03 

2. 142E 02 


Real 

Inaeinary 



Real 

Inaeinary 

ROOT NO. 5 

-1.552 

-2.111 


ROOT HO. 4 

-10. 167 

0.000 

ROOT NO. 3 

-0.089 

-0. ISO 


ROOT NO. 2 

-1.552 

2.111 

ROOT HO. 1 

-0.089 

0. ISO 





K» 0.500 







DC 0 IDC 1 IDC 2 1+KNC 0 INC 1 INC 21* 





9. 170E 

01 1.233E 

83 3.741E 

03 

3.934E 03 

2.335E 03 

2.535E 02 


Real 

Iivuinary 



Rea 1 

Inaeinary 

ROOT HO. 5 

-1.345 

-2.504 


ROOT NO. 4 

-10. 397 

0. 000 

ROOT HO. 3 

-0.180 

-0.021 


ROOT NO. 2 

-1.345 

2.504 

ROOT HO. 1 

-0. 130 

0.021 





K* 0.800 







DC 0 IDC 1 IDC 2 I+KHC 0 INC 1 INC 2 1* 





9. I70E 

01 1.233E 

03 3.741E 

03 

1.031E 04 

4.519E 03 

2.923E 02 


Real 

Inaeinary 



Real 

Inaeinary 

ROOT HO. 5 

-1.131 

-2.349 


ROOT HO. 4 

-10.607 

0. 000 

ROOT HO. 3 

-0.07? 

0.080 


ROOT MO. 2 

-1 . 131 

2.349 

ROOT HO. 1 

-0.393 

0.000 






C 


7 

A 
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K« 1 . eee 

OC 0 ]DE 1 3SE 2 3-^KHt 0 ]Nt 1 3NC 2 3- 


9. 170E 

01 1.233E 

03 3.741E 

03 

t.205E 04 

S.609E 03 

3.190E 02 


Real 

Irtaejnary 



Real 

I «a 4 Inary 

ROOT NO. 5 

-1.088 

-3.056 


ROOT NO. 4 

-10.739 

-0.000 

ROOT NO. 3 

-0.066 

0.000 


ROOT NO. 2 

-1.088 

3. 056 

ROOT NO. 1 

-0.466 

0.000 





K« 2.000 







DC 0 3DC 1 3DC 2 3-eKNC 0 3NC 1 3NC 2 3- 





9.170E 

81 1.233E 

03 3.741E 

03 

1.829E 04 

1.106E 04 

4.500E 02 


Real 

Inaeinary 



Real 

Iiiae inary 

ROOT HO. 5 

-0.728 

-3.892 


ROOT NO. 4 

-11.317 

0.000 

ROOT NO. 3 

-0.044 

0.000 


ROOT NO. 2 

-0. 728 

3.392 

■ROOT HO. 1 

-0.631 

-0. 000 





K« 3.000 







DC 0 3DC 1 3DC 2 3eKHC 0 3NC 1 3NC 2 3> 





9. 170E 

01 1.233E 

03 3.741E 

03 

2.453E 04 

1.650E 04 

5.S10E 02 


Real 

Inaeinary 



Real 

Inaeinary 

ROOT NO. 5 

-0.456 

-4.525 


ROOT NO. 4 

-11.802 

-0.000 

ROOT NO. 3 

-0.037 

-0.000 


ROOT NO. 2 

-0.456 

4.525 

ROOT NO. 1 

-0.697 

-0.000 






K* 4.eoe 

DC 0 ]DC 1 3DC 2 ]-*-KNC 0 ]NC 1 3NC 2 ]* 


9. 170E 01 1.233E 03 3.741E 03 


Real 

ROOT NO. 5 -0.223 
ROOT MO. 3 -0;034 
ROOT NO. 1 -0.732 


Ina^ir.ary 

-S.043 

- 0.000 

- 0.000 


3.077E 04 

ROOT NO. 4 
ROOT NO. 2 


2.19SE 04 7.120E 02 

Real Irta^irtary 
-12.225 -0.000 

-0.223 5.043 


K» 5.000 

DC 0 IOC 1 IOC 2 ]>KNC 0 INC 1 INC 2 


9.170E 01 1.233E 03 3.741E 03 


ROOT NO. 5 
ROOT NO. 3 
ROOT NO. 1 


Real 
-0.029 
-0.032 
-0.754 


Irtaeinary 

-5.485 

0.000 

0.000 


3.701E 04 

ROOT NO. 4 
ROOT NO. 2 


2.740E 04 8.430E 02 

Real Iwa^inary 
-12.603 0.000 

-0.029 5.435 


K» 6.000 

DC 0 IDC 1 3DC 2 3+KNC 0 INC 1 INC 2 3* 


9. 170E 01 1.233E 03 3.741E 03 


ROOT NO. 5 
ROOT NO. 3 
ROOT NO. 1 


Real Inaeioary 
0.144 -5.873 

-0.031 0.000 

-0.769 -0.000 


4.325E 04 

ROOT NO. 4 
ROOT NO. 2 


3.235E 04 9.740E 02 

Real Irtaeinary 
-12.946 0.000 

0.149 5.373 


K* 7.000 

DC 0 3DC 1 3DC 2 3+KNC 0 3NC 1 3NC 2 3= 


9. 170E 

ROOT HO. 5 
ROOT NO. 3 
ROOT NO. 1 


01 1.233E 

Real 
0.312 
-0.030 
-0.730 


03 3.741E 

Ifia^inary 
- 6.222 
0.000 
- 0.000 


03 4.949E 04 

ROOT NO. 4 
ROOT HO. 2 


3.330E 04 1.105E 03 

Real loaeinary 
-13.261 0.000 

0.312 6.222 


3.000 

DC 0 IDC 1 3DC 2 3+KNC 0 3NC 1 3HC 2 3= 


9.170E 01 

ROOT NO. 5 
ROOT NO. 3 
ROOT NO. 1 


1.233E 03 3.741E 

Real Inaeinary 
0.462 -6.540 

-0.029 0.000 

-0.730 0.000 


03 5.573E 04 

ROOT HO. 4 
ROOT NO. 2 


4.374E 04 1.236E 03 

Real Imaginary 
-13.554 0.000 

0.462 6.540 
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K» 9.000 

DC 0 ]DC 1 :DC 2 :+KNC 0 ]NC 1 3NC 2 > 


9. irOE 


ROOT tiO. 5 
ROOT NO. 5 
ROOT MO. I 


01 1.233E 03 3.741E 03 

Rtal IrtCL^ inci'y 
0.603 -6.332 

-0.029 0.000 

-0.795 -0.000 


6. 197E 04 

ROOT NO. 4 
ROO” NO. 2 


4.91 ?E 04 
Real 
-13.329 
0.603 


K* 10.000 

' : 0 ]DC 1 3DC 2 3+KNC 0 ]MC 1 INC 2 3* 

9.170E 01 1.233E 03 3.741E 03 6.821E 04 5.464E 04 

Real Irta^inary Real 

'ROOT NO. 5 0.734 -7.104 ROOT NO. 4 -14.087 

ROOT MO. 3 -0.023 -0.000 ROOT NO. 2 0.734 

ROOT NO. 1 -0.800 0.000 


1.367E 05 

Irta ?ino.fv 
- 0.000 
6.332 


1.493E 03 
Ina 9ifiar y 
- 0.000 
7. 104 


195 


D.2 HIGH DYNAMIC PRESSURE 


DELTA P FREOIJEMCV ANALYSIS. FCl 


INPUT DATA 

Uin? Area • DCSO]* ft 17-t 

•DCrn*lb> 

Uin? iP’in •DCr 21 *t’'i St. 

HAC '.DCrSIift' __4 

AifiP^e'ii SDCr4]»tt 5' 272 

D^nsit,. .DC75].il'.i?i ttr2' 0 

An?l€ of 'jtf.JCl ' DC 7i:. ] • f.i iJ ■ M 

Thsfa ir.iT. lol ■ DC 77 ]« r.f d ' U 

I . -b • DCSl ]*ilu?5-tf t2 - 

LLl DC'?5j> U 

CD I ■DCS-5]' 0 

c::ti ■DC97]' o 

cm 'DC SSI' 0 

CMTl -DCS?]> _ y 

Mon.:) lorv? 1 d^i r i*'"’ f i"^ a Di nsn • i.rici.j I 


LONG I TI.1D I NAL D£F I VAT I VES- 


I'DU 

DC 1 ] ' 

0.0000 

: :u • 1 = ' 

c;:To 

• DC2I' 

-0. 0?20 

XTLI • 1 i ' 

CD A 

DC 2 3 ■ 

0. 1 200 

;:a • f f it 

CDDE 

• DC4 3-. 

0 . 0300 

;;de ' ff z 

CLU ■ 

DC3 3> 

0.0000 

ZU • 1 z 

CLA • 

DC7 3-' 

4. 3000 

ZA 'ft z t 

CLAD 

■ DCS].' 

1 . 7000 

ZAD 'ft i 

I'LO 

DCS] ' 

3.S0O0 

ZG ' f t z ' 

CLDE 

■ DC 10 ]> 

0.4300 

ZDE f t z 

CM Li 

DC 12 ]> 

0.0000 

MU • 1 f t. z 

CNTU 

• DC 12 ]> 

0.0000 

MTU <.1 ft 

CMA 

DC 14]' 

-o.ssoo 

MA '1 zt2 

CMTA 

•DC 15 ]> 

0.0000 

MTA 'lit 

CHAD 

• DC 13] ’ 

-5. 2000 

MAD < 1 i ' 

C NO 

DC 17]> 

-12.4000 

MO • 1 i .' 

CNDE 

' DC IS] • 

-1.2300 

MDE 'lit 



00 00 000 
00*<0000 
itkjinujMti 

'.'020 xOO 
0000000 
00 0 0000 
OOOOC'yO 
2 1 00000 
0 2 1 0000 
021 0000 
ooooooo 

yOOOOOO 

iji ri"Of i" 


"*-t . 0 2>:'7 
-0. 01.'2 2 
_■?. 0A12 
-4.Y.S71 

-0. 2Cr: ? 

747. 0304 
-2. 4o';.0 
-5. o54? 
- 6 '?. 4240 
0. 0000 
0. 0000 


-43. 0024 
0 . 0000 



-31 . 2473 
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Tif ^ 




PtLTi^ P FFEOUENCV PUnLYSI? PC 1 


TPPtNSFEP FUNCTION POLYNOMIAL COEFFICtE.NTS 


THE 

A- 

D= 


COEFFICIEtlTS OF THE LONGITUDINAL CHAPACTEPISTIC 
2r?.l64'?7 B= 2S46. 32537 C= 15^77. 57 

■?37. 76723 E= 507.63751 


CU* 


THE COEFFICIENTS OF THE NUMERATOP U'S- APE: 
0.00000 AU= -2666.5112-? eu= -2 ?44:i. 1 7373 
-93563. 06981 DU» 1391743.23340 


THE COEFFICIENTS OF THE NUMEPATOP ALPHA- S> APE*- 
0.00000 AA= -69.42401 EA* -l6S96.111rS 

CA= -910.32371 DAa -730. 15732 


THE COEFFICIENTS OF THE NUMEPATOF: THETA- S:- APE: 
O.oriOFuT 0.00000 AT= - 1 6-67. S21 On 

E;T= -44193. 1975S CT= -3193.23231 


STANDAPD format for LONGITUDINAL TRANSFER FUNCTIONS 


IJ'.S- DELTA-E;S> COEFFICIENTS ARE: 

FUDE 2741.33343 

TUI -0,21267 

OMN ij 10.53575 

IT IJ 0.74725 

OMN SP 7.50749 

ZT SP 0.63516 

OMN P 0.13090 

ZT P 0.15056 

ALPHA- S-DELTA-E(S) COEFFICIENTS ARE: 


FALPHADE 
TALFHAI 
OMN ALPHA 
ZT ALPHA 
OMN SP 
ZT SP 
OMN P 
ZT F 

THETA- S.'- DELTA-E 


-1.43320 
0.00411 
0.20790 
0. 12923 
7.50749 
0.6S516 
0.13090 
0. 15056 

S> COEFFICIENTS ARE: 


( thetade 

-6. 23976 

tthetai 

13. 44631 

TTHE7A2 

0. 39233 

OiJtl SP 

7.50749 

ZT SR 

0 . 635 1 6 

Ol'N F 

0 . 1 309‘5 


ZT P 0. 15056 
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oi m 



D.2.1 WITH PRESSURE SENSOR (PRESSURE COMMAND) 


DELTA P FREQUENCY ANALYSIS FCl 

«*** 4 «****«»«»*«««***«*«*«*»*#*««# 44 * 4 ** 44 «**«««« 4««44 


N0(S) COEFFICIENTS 
i.eeoE ai s.oeoE ai 
D0(S) COEFFICIENTS 
t.eeoE oe i.sooe 9i 
NKS) COEFFICIENTS 
1.6S7E 04 4.419E 04 

DKS> COEFFICIENTS 
2.753E 02 2.847E 03 
N2<S) COEFFICIENTS 
l.OOOE 00 

D2(S) COEFFICIENTS 
l.OOOE 00 


2.295E 02 
3.193E 03 

1.568E 04 9.378E 02 5.077E 02 


NtOM 1 1DC2I* 


1.837E 05 1.235E 06 

NCOINC 1 JNC2I* 


2.342E 06 1.597E 05 


1.687E 05 1.2S5E 

Pecil 

ROOT NO. 3 -0.074 

ROOT NO. I -2.546 


06 2.242E 06 I.597E 05 

Ina^inary 

0.000 ROOT NO. 2 

0.000 


Real Irta^inary 
-5.000 0.000 


K» 0.000 

DC 0 ]DC 1 IDC 2 I^KNC 0 INC 1 INC 2 1= 


2.753E 02 6.976E 03 1.216E 05 

1.165E 05 


ROOT HO. 6 
ROOT NO. 4 
ROOT NO. 2 


Real Inaeinary 
-7.500 -13.162 

-7.500 13.162 

-0.027 -0.179 


8.394E 05 


ROOT NO. 5 
ROOT NO. 3 
ROOT NO. 1 


3.613E 06 

Real 
-5. 143 
-5.143 
-0.027 


2.223E 05 


Irta^ inarv 
-5.468 
5.468 
0. 179 


K- 0.200 

DC 0 IDC 1 IDC 2 1+KNC O INC I INC 2 1» 


2.753E 

1.484E 

ROOT NO. 6 
ROOT NO. 4 
ROOT NO. 2 


02 6.976E 

05 

Real 

-7.129 

-5.455 

-0.036 


03 1.216E 

Inaeinary 

-13.026 

-5.600 

-0.181 


05 9.232E 05 


ROOT NO. 5 
ROOT NO. 3 
ROOT NO. 1 


3.870E 06 6.712E 05 


Reol Irta^inary 
-7.129 13.026 

-5.455 5.600 

-0.036 0.181 


K« 0.500 

DC 0 IDC 1 IDC 2 1+KNC 0 INC 1 INC 2 > 


2.753E 

1.963E 

ROOT NO. 6 
ROOT NO. 4 
ROOT NO. 2 


02 6.976E 03 1.216E 

05 

Real Ina^inary 
-6.513 -12.386 

-6.513 12.336 

-0.165 -0.151 


05 


9.73SE' 05 


ROOT NO. 5 
ROOT NO. 3 
ROOT NO. 1 


4.255E 06 

Real 
-5.993 
-5. 993 
-0. 165 


1.344E 06 
Irta^iriory 



0. 151 


K» 0.300 

DC 0 IDC 1 IDC 2 I*KNC 0 INC I INC 2 I* 


2.753E 

02 

6.976E 

03 1.216E 

05 1 . 02 

:4£ 

06 

4. 64 IE 06 

2.016E 0 

2.442E 

05 

Real 

Irtaeinarv 




Real 

Ilia binary 

ROOT NO. 6 


-5.357 ■ 

-12.359 

ROOT 

NO. 

5 

-6.579 

-5.723 

ROOT NO. 4 


-5.857 

12.359 

ROOT 

NO. 


-0.234 

-0. 059 

ROOT NO. 2 


-6. 579 

5.723 

ROOT 

NO. 

1 

-0.234 

0.059 
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K« i.eoe 

■ D[ 0 ]SC 1 2 l^KNC 0 ]N[ 1 ]NC 2 ]« 


2.753E 82 
2.762E 05 

ROOT NO. E 
ROOT NO. 4 
ROOT NO. 2 


6.97EE 03 1.21EE 05 

Real Inaeinarv 
5.428 -12.910 

5.423 12.910 

6.96E 5.E46 


1.058E 06 


ROOT NO. 5 
ROOT NO. 3 
ROOT NO. 1 


4.398E 06 2.464E 06 

Real Inaeinary 
-6.966 -5.646 

-0.163 -0.000 

-0.390 0.000 


K> 2.000 

DEOlSn ]0[2>KNC0]Nn M2]> . 


2.753E 02 6.976E 03 1.216E 05 1.227E 06 6.183E06 4.706E06 

4.358E 05 




Rtol 

Inoeinary 



Real 

Ifiaeinary 

ROOT 

NO. 6 

-3.720 

-13.588 

ROOT 

NO. 5 

-3.720 

13.588 

ROOT 

NO. 4 

-8.505 

-4.726 

ROOT 

NO. 3 

-0.107 

0.000 

ROOT 

NO. 2 

-8.505 

-.726 

ROOT 

NO. 1 

-0.784 

0.000 


K» 3.000 







DC 0 IDC 1 ICC 2 >KNC 0 INC 1 INC 2 ]« 





2.753E 

02 6.976E 

03 1.216E 

05 

1.395E 06 

7.469E 06 

6.948E 06 

5.955E 

05 







Real 

Inaeinary 



Real 

Irtoeinary 

ROOT NO. 6 

-2.572 

-14.384 


ROOT NO. 5 

-9.533 

-3.403 

ROOT NO. 4 

-2.572 

14.334 


ROOT NO. 3 

-0.095 

-0.000 

ROOT NO. 2 

-9.533 

3.408 


ROOT HO. 1 

-1.037 

-0.000 

K- 4.000 







DC 0 ICC 1 3DC 2 3+KHC 0 3NC 1 3NC 2 3= 





2.753E 

02 6.976E 

03 1.216E 

05 

1.564E 06 

3.754E 06 

9.139E 06 

7.552E 

05 







Real 

Irtaeinary 



Real 

Imaeinary 

ROOT NO. 6 

-1.707 

-15.119 


ROOT NO. 5 

-1.707 

15.119 

ROOT NO. 4 

-10.307 

-1.336 


ROOT NO. 3 

-0.090 

-0.000 

ROOT NO. 2 

-10.307 

1.336 


ROOT NO. 1 

-1.223 

-0.000 

K> 5.000 







DC 0 3DC 1 3DC 2 3-^KNC O 3NC 1 3NC 2 3- 





2.753E 

02 6.976E 

03 1.216E 

05 

1.733E 06 

1.004E 07 

1.143E 07 

9. 143E 

05 







Real 

I«aeinary 



Real 

Ii»ia einary 

ROOT NO. 6 

-1.007 

-15.738 


ROOT NO. 5 

-13.613 

-0.000 

ROOT NO. 4 

-0.0S7 

0.000 


ROOT NO. 3 

-1.007 

15.7S3 

ROOT NO. 2 

-8.258 

-0.000 


ROOT NO. 1 

-1.365 

0 . 000 

K» 6.000 






• 

DC 0 3DC 1 3DC 2 3+KNC 0 3NC 1 3NC 2 3= 





2.753E 

02 6.976E 

03 1.216E 

05 

1.902E 06 

1.1 32E 07 

1.367E 07 

1.074E 

06 







Real 

Imasinary 



Rea 1- 

Iciaeinary 

ROOT NO. 6 

-0.412 ■ 

-16.399 


ROOT NO. 5 

-15.403 

0 . 000 

ROOT NO. 4 

-0.OS4 

-0 . 000 


ROOT NO. 3 

-0.412 

16.39? 

ROOT NO. 2 

“7, 546 

0.000 


ROOT NO. 1 

-1.473 

-0 . 000 

K» 7.000 







DC0 3DC 1 3DC2 3+KNC0 3NC 1 3NC2 3* 





2.7;:e 

02 6.976E 

03 1.216E 

05 

2.07OE 06 

1.26 IE 07 

1.591E 07 

1 . 234E 

06 







Real 

Irtaeinary 



Real 

I I’la binary 

ROOT NO. 6 

0.107 • 

-16.962 


ROOT NO. 5 

-16. 765 

-0. 000 

ROOT NO. 4 

-0.033 

-0.000 


ROOT NO. 3 

0. 107 

16.962 

ROOT NO. 2 

-7.136 

0.000 


ROOT NO. 1 

-1.570 

-0.000 
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K« 


8.000 

DC 0 3DC 1 ]DC 2 ]-»KNC 0 M 1 ]NC 2 ]> 


2.753E 02 6.976E 03 1.216E 05 

1.394E 06 


Real 

ROOT NO. 6 0.570 
ROOT HO. 4 -0.082 
ROOT NO. 2 -6.857 


Inoeinary 

-17.487 

- 0.000 

0.000 


2.239E 06 


ROOT NO. 5 
ROOT NO. 3 
ROOT NO. 1 


1.390E 07 1.816E 07 


Real Ictaeinary 
17.S94 0.000 

0.570 17.487 

-1.647 0.000 


K« 9.000 

DC 0 3DC 1 IDC 2 3-^KHC 0 M 1 M 2 ]« 


2.753E 02 6.976E 03 1.216E 05 

1.553E 06 

Real Inaeinary 


- - ROOT NO. 6 
ROOT NO. 4 
»00T NO. 2 


0.989 -17.977 
-0.081 -0.000 
-6.651 0.000 


2.40SE 06 


ROOT NO. 5 
ROOT NO. 3 
ROOT NO. 1 


1.51SE 07 

Real 

-18.375 

0.989 

-1.712 


2.040E 07 

Inaeinary 

0.000 

17.977 

- 0.000 


<• 10.000 

DC 0 IDC 1 3DC 2 ]4-KNC 0 INC 1 INC 2 1> 


2.753E 02 6.976E 03 1.216E 05 

1.713E 06 

Real Inaeinary 
ROOT MO. 6 1.373 -18.439 

ROOT NO. 4 -0.030 0.000 

ROOT NO. 2 -6.490 -0.000 


2.576E 06 


ROOT NO. 5 
ROOT NO. 3 
ROOT NO. I 


1.647E 07 2.264E 07 


Real 
-19. 749 
1.373 
-1. 763 


Inaeinarv 

0.000 

13.439 

0.000 
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D.2.2 WITHOUT PRESSURE SENSOR (POSITION COMMAND) 


-•iHi 


MO-.'S' C0EFFICIEMT5 
I.OOOE 01 

DOCS' COEFFICIEMTS 
I.OOOE 00 I.OOOE 01 
MKS) COEFFICIENTS 


1 . bS* E *4.^1 ?£ 04 I • 1 ' ! E 03 
Dl(S> COEFFIClEffTS 


s.rscE 

02 2.i47E 03 l.5-:cE 

04 

?. : 

7?E 02 

1 

1 


M2tS> COEFFICIENTS 






1 . oooe 

>.'0 






D2CS) COEFFICIENTS 






I.OOOE 

00 






NCOJNC 1 irC2]» 






i.tsrE 

05 4.4l?E 05 3.133E 

04 





NCOINC 1 ]NC2 3« 






l.c:srE 

05 4.41SE 05 3.133E 

04 






R<..il Ii'i'i 




R--0 1 

I . i-.’ » 1 f 

ROOT NO. 2 

-0.074 0.000 


ROOT 

NO. 1 

-2 . 54*:' 

1*1 , OC'O 

K« 0.000 







DC 0 ]DC 1 ]DC 2 3+KNC 0 ]Nt 1 INC 2 ]= 






2.752E 

02 5.600E 03 4.415E 

04 

1.5 

77E 05 

9.33-iE 03 

5.077E 03 


Real Ifiajirvirv 




Peal 

InO e 1 r'lO r . 

ROOT NO. 5 

-5. 143 “5. 4<>S 


ROOT 

NO. 4 

-10.000 

0. 000 

ROOT NO. 3 

-5. 143 5.4*33 


ROOT 

NO. 2 

-0. 027 

-*£(. 17? 

ROOT NO. 1 

-0.027 0.17? 





K» 0.200 







DC 0 ]DC 1 IDC 2 3+KHC 0 ]NC 1 ]NC 2 ] = 






2.752E 

02 5.(300E 03 4.415E 

04 

1.915E 05 

?.>327E 04 

1. 14.JE 04 


Real Inaeinary 




Real 

Ina einarv 

ROOT NO. 5 

-4.1?6 -5.S?4 


ROOT 

NO. 4 

-11.330 

0. 000 

ROOT NO. 3 

-0.172 0.000 


ROOT 

NO. 2 

-4. 196 

5.994 

ROOT NO. 1 

-0.397 0.000 






K« 0.500 







DC 0 ]DC 1 3DC 2 3+KNC 0 3NC 1 3NC 2 ]- 






2.753E 

02 5.600E 03 4.415E 

04 

2. 42 IE 05 

2.309E 05 

2. 104E 04 


Real Irta?inary 




Real 

Ii'ia-Jinarv 

ROOT NO. 5 

-3.209 -6.779 


ROOT 

NO. 4 

-12.777 

-0.000 

ROOT NO. 3 

-0.102 -0.000 


ROOT 

NO. 2 

-3.209 

6.779 

ROOT NO. 1 

-1.044 0.000 






K« 0.300 







DC 0 ]DC 1 3DC 2 J+KNC 0 INC 1 INC 2 I» 






2.75jE 

02 5.600E 03 4.415E 

04 

2.927E 05 

3.634E 05 

3.062E 04 


Real Ii'ia-^inar / 




Real 

I rMO * 1 r-iO r > 

ROOT NO. 5 

-2.512 -7.4S? 


ROOT 

NO. 4 

-15.304 

-0 , I‘U‘U'1 

ROOT NO. 3 

-0.091 -0.000 


ROOT 

NO. 2 

-2.512 

7.439 

ROOT NO. 1 

-1.422 -0.000 







K> 1.000 

DC 0 30C 1 ]DC 2 3-^KNC 0 M 1 M 2 ]> 


2.753E 

02 5.E00E 

03 4.415E 

04 

3.264E 05 

4.518E 05 

3.701E 04 


R*al 

InAf inary 



R«al 

Inatinory 

ROOT NO. 5 

-2.144 

-7.915 


ROOT NO. 4 

-14.374 

0.000 

ROOT HO. 3 

-0.-O87 

0.000 


ROOT NO. 2 

-2. 144 

7.915 

ROOT NO. 1 

-1.592 

0.000 





' 2.000 







DC 0 ]DC 1 IDC 2 ]^KNC 0 ]NC t ]NC 2 ]- 





2.753E 

02 5.8O0E 

03 4.415E 

04 

4.951E 05 

8.937E 05 

6.S94E 04 


Rtal 

Inaainary 



Rtal 

Inatinary 

ROOT NO. 5 

-0.869 

-9.619 


ROOT NO. 4 

-16.508 

0.000 

ROOT NO. 3 

-0.869 

9.619 


ROOT NO. 2 

-0.081 

O.OO0 

ROOT NO. 1 

-2.015 

0.000 






• 3.000 







DC 0 IDC 1 }DC 2 

1+KNC0 3NC 1 ]HC2]» 





2.753E 02 

5.600E 

03 4.415E 

04 

6.638E 05 

1.336E 06 

1.009E 05 


Real 

Inaeinary 



Real 

Ii-iaeinary 

ROOT NO. 5 

-0.022 

-10.838 


ROOT NO. 4 

-13.038 

-0.000 

ROOT HO. 3 

-0.079 

0.000 


ROOT NO. 2 

-0.022 

10.333 

ROOT NO. 1 

-2. 181 

0.000 





• 4.000 







DC 0 IDC 1 ]DC 2 ]>KNC 0 INC 1 INC 2 ]« 





2.753E 02 

5.600E 

03 4.415E 

04 

8.324E 05 

1.773E 06 

1.32SE 05 


Real 

Inaeinary 



Real 

Inaeinarv 

ROOT HO. 5 

0.635 

-11.917 


ROOT NO. 4 

-19. 265 

-0.000 

ROOT HO. 3 

-0.073 

0.000 


ROOT NO. 2 

0.635 

11.917 

ROOT HO. 1 

-2.268 

0.000 





• 5.000 







DC 0 JDC 1 3DC 2 

]+KNC 0 3HC 1 INC 2 > 





2.753E 02 

5.600E 

03 4.415E 

04 

I.OOIE 06 

2.220E 06 

1.647E 05 


Real 

Inaeinary 



Reol 

Inaeinarr 

ROOT NO. 5 

1.181 

-12.795 


ROOT NO. 4 

-20.304 

-0.000 

ROOT NO. 3 

-0.077 

0.000 


ROOT NO. 2 

1. 131 

12.795 

ROOT NO. 1 

-2.322 

0.000 





• 6.000 







DC 0 ]DC 1 IDC 2 ]-i>KHC 0 INC 1 IHC 2 ]- 





2.753E 02 

5.60OE 

03 4.415E 

04 

1.170E 06 

2. 66 IE 06 

1.967E 05 


Reol 

Inoeinary 



Real 

Inaeinorv 

ROOT NO. 5 

1.654 

-13.566 


ROOT MO. 4 

-21.214 

-0.000 

ROOT NO. 3 

-0.076 

8.000 


ROOT NO. 2 

1.654 

13. 566 

ROOT NO. 1 

-2.353 

0.000 





■ 7.000 







DCO]DC 1 ]DC2 

J^KNtOlNC 1 M2]» 





2.752E 02 

5.600E 

03 4.415E 

04 

1.33SE 06 

3. 103E 06 

2.2S6E 05 


Real 

Ilia el nary 



Real 

Ino 1 ina rv 

ROOT NO. 5 

2.074 -14.257 


ROOT NO. 4 

-22. 029 

- 0.000 

ROOT NO. 3 

• 0 e 0 T 6 

0.000 


ROOT HO. 2 

“ 2 . 074 

14.257 

ROOT NO. 1 

-2.384 

0.000 





' 8.000 







DC 0 IDC 1 IDC 2 

]4KNC0M 1 ]NC2> 





2.753E 02 

5.600E 

03 4.415E 

04 

1.507E 06 

3.545E 06 

2.605E 05 


Real 

Irtaeinary 



Rea 1 

I I’lO 9 1 na r v 

ROOT MO. 5 

2.455 ■ 

-14. 583 


ROOT HO. 4 

-22 . 770 

0.000 

ROOT MO. 3 

-0.076 

0.000 


ROOT NO. 2 

2.455 

14.3S3 

ROOT MO. 1 -2.404 

0.000 






02 



K- 9.000 

Dt 0 ]DC I ]DC 1 0 ]MC l ]MC 2 ]« 


2.753E 

02 S.&OOE 

03 4.417E 

04 

Oii 

'iTE Ot' 

2. ?:•>£ 


R«o 1 




P«.?l 

III'.' ? IfiO 

ROOT HO. :> 

2.S03 - 

15.4<»8 


FOOT HO. 4 

-2 3. 4 '.2 

. '300 

ROOT HO. 3 

“0. OTo 

0.000 


FijijT HO. 2 

2.30 3 


ROOT HO. 1 

-2.420 

0.000 





10.000 







DC 0 IDC 1 3DC 2 ]*KHC 0 3tlC 1 3HC 2 > 





a.:?3E 

02 S.bOOE 

03 4.41T;e 

04 

1.344E 0^ 

4.42'-E O':' 

3.244E 


R<al 

In<3. »in<Jrv 



F«;.ll 

I I I'.' » ; fi'.' 

ROOT HO. ? 

3.12fc‘ - 

1 (». oos 


FOOT HO. 4 

-24. 03? 

“O' . 0"3O 

ROOT HO. 3 

”0. 0T6 

0.000 


FOOT HO. 2 

3. 12(3 

U*. 003 

FOOT HO. 1 

-2.432 

0.000 






203 


